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INTRODUCTION 
Bovine respiratory disease has become recognized as a complex 
and includes a var iety of c l inical  syndromes. As more becomes known 
about the bovine respiratory disease complex, i t  soon becomes 
apparent that each facet of this syndrome must be def ined and under­
stood as a separate ent i ty.  Li t t le hope can be held out to those who 
demand solut ions unt i l  each factor is understood as a contr ibut ing 
part  to the sum total  of this perplexing and complex disease. 
I t  was in this context that the search for new v iral  agents 
Involved in this complex disease resulted In the isolat ion of a bovine 
respiratory syncyt ial  v irus, not as a total  answer or a solut ion to 
the problem, but as one more agent Involved In the disease. 
The purpose of this study was to describe the Isolat ion, 
character izat ion, and Ident i f icat ion of this virus. I t  also Involved 
fho Avmerimontaî î^nlr^slc In f  r\  c i  t*ho nafhn-
genesis of  the agent and I ts Involvement In bovine respiratory disease. 
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LITERATURE REVIEW 
Research in the area of bovine respiratory syncyt ial  (RS) v iruses 
must f i rst  acknowledge previous work done with the human respiratory 
syncyt ial  (RS) v iruses, since research with human RS v iruses has la id 
the foundation and given direct ion to past and cont inuing work with 
bovine RS v i  ruses. 
I t  seems f i t t ing, therefore, to review aspects of research with 
human RS v iruses which provide us with a background of knowledge 
relat ive to their  isolat ion history, cytological character ist ics in 
infected cel ls,  pathogenici ty studies in experimental animals as wel l  
as in humans, and epidemiological data, including recent developments 
involving vaccine product ion and test ing tr ials;  the more recent work 
being especial ly important since i t  focuses our awareness on the 
complexity and the unknown factors in the immunological process, both 
I I I  Q i t i i ' i a i o  o  1 1  u  I I I  i i u t i i a i i D *  
In 1^56 Morr is,  Blount and Savage reported the isolat ion of an 
agent they suspected of causing an epizoot ic of  respiratory disease in 
a colony of chimpanzees (53)•  The c l inical  signs of coryza produced by 
the virus led the invest igators to term their  isolate the chimpanzee 
coryza agent (CCA). The epizoot ic was not severe, involving some 20 
animals; however, further studies with the virus have been far reaching, 
opening broad areas in human respiratory disease research. 
The in i t ia l  inoculat ion of throat swab material  from affected 
chimpanzees into rol ler tube cultures of Chang l iver cel ls resulted in 
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cytopathic effects (CPE) in cel ls after four days'  incubation, 
character ized by rounding, granulat ion, and sloughing of cel ls from 
the tube wal l .  
Experimental infect ions in other species indicated that only 
chimpanzees were affected by this virus. Intracerebral and intra­
peri toneal inoculat ion into day-old mice, weanl ing hamsters, young 
rabbits,  and guinea pigs, as wel l  as inoculat ion of the chorioal lantoic 
membrane, amniot ic,  al lantoic,  and yolk sacs of  7- IO day chick 
embryos did not result  in infect ion or apparent v irus repl icat ion. 
A serological survey indicated that the CCA was not ant igenical ly 
related to many other viruses being studied at the t ime. 
In the course of this study, a laboratory worker who had been 
in contact with the CCA and with experimental ly infected chimpanzees, 
developed a moderate respiratory infect ion and, al though the CCA was 
not recovered, there was serological evidence that this virus probably 
was involved in the i l lness. This f inding resulted in a serological 
survey of humans with a var iety of i l lnesses. There appeared to be a 
rather broad ant ibody response in the human populat ion which st imulated 
work directed at isolat ing the same or a s imi lar agent from humans with 
respi idLory disease. 
In 1957 Chanock, Roizman and Meyers isolated two viruses in­
dist inguishable from the CCA from chi ldren with severe lower respiratory 
disease (13).  These isolates were named the Snyder and Long strains 
after the pat ients from whom they were isolated. These viruses were 
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isolated in the course of a search for new cytopathogenic agents from 
infants with lower respiratory disease. Several cel l  types were used 
for virus isolat ion attempts, including the KB strain of human epi­
dermoid carcinoma, the Chang strain of human l iver epithel ium, cel ls 
from human amnion, and monkey kidney epithel ial  cel ls.  Both virus 
strains showed cytopathogenic effects in the KB and human l iver cel ls,  
but not in the other cel l  types. Subpassage from KB cel ls to human 
amnion did result  in Infect ion, but incubation t imes were prolonged. 
The not iceable effect was the product ion of syncyt ia in both cel l  types. 
Further studies of the isolates indicated their  approximate size 
at 90-130 nm. They also proved to be ether sensit ive, would not 
agglut inate chicken or human "0" erythrocytes, and would not infect 
embryonated eggs. 
Serological studies with other syncyt ium-producing viruses and 
with other agents involved in respiratory disease, such as an agent of  
pr imary atypical pneumonia and of the psi t tacosis -  lymphogranuloma-
venereum (LGV) group fai led to indicate any ant igenic relat ionship. 
The cytopathogenic effects of the two isolates were indis­
t inguishable from those produced by the CCA. A c lose ant igenic re­
lat ionship was also shown between the CCA and the new isolates by 
complement f ixat ion and cross-neutral izat ion tests. Since these 
agents appeared to be ant igenical ly ident ical  and because of the 
character ist ic syncyt ium product ion, the isolates were grouped 
together as respiratory syncyt ial  v iruses (13)• 
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The epidemiologic study that fol lowed the isolat ion of the Long 
and Snyder strains establ ished that they were widespread in the human 
populat ion (10).  
In a short t ime other reports suppl ied ample evidence that the 
virus was a leading cause of severe respiratory disease in infants and 
young chi ldren (12, 40, 56).  This evidence was obtained not only from 
serological studies but also by virus isolat ion. The eff ic iency in 
recovering the virus increased great ly when i t  was recognized that i t  
was extremely di f f icul t  to isolate from frozen samples due to i ts 
labi1i  ty.  
The recognit ion of the importance of the virus in human disease 
st imulated studies of the propert ies of the virus i tsel f  (4, 40, 45).  
Jordan examined the growth character ist ics of the virus in various ce' l  
types, di f ferent mediums, and in mediums with varying def ined compon­
ents (39).  He observed that the capacity of the virus to produce 
character i5t ic syi icyLia was dépendent on medium composit ion as wel l  
as on the cel l  type used. These f indings, as wel l  as the capacity of 
other unrelated viruses to produce syncyt ia, raised the quest ion as to 
the appropriateness of the name designat ion of the virus group. This 
apparent ly is st i l l  an open quest ion causing cont inuing confusion in 
the 1i  terature. 
Bennett  and Hamre also studied the growth and serological 
character ist ics of another RS v irus (Randal l)  strain (4).  They also 
noted variat ions in cel l  sensit iv i ty to the virus. They conf irmed 
6 
earl ier reports of the instabi l i ty of the virus under storage con­
di t ions (3) .  Their studies of absorpt ion and growth cycles indicated 
that absorpt ion was slow but quite eff ic ient;  90 percent of  the virus 
being absorbed after ten hours. They found that the maximum virus 
t i ter was reached 36 hours fol lowing infect ion. No increase in virus 
t i ter after 3^ hours'  incubation, even though CPE was not complete, 
was interpreted as being an equi l ibr ium point between virus product ion 
and inact ivat ion since the virus is rapidly inact ivated at 37C. 
Immunofluorescent examinat ion of infected cel ls revealed evidence of 
intracel lular v iral  ant igen nine hours after infect ion and about ten 
hours before CPE could be observed. Cross-neutral izat ion tests with 
the other two strains of RS v irus conf irmed the ant igenic simi lar i ty 
r e p o r t e d  e a r l i e r  ( 3 ) .  
Immunofluorescence studies by Kisch, Johnson and Chanock (45) 
conf irmed observat ions of the repl icat ive cycle observed by others (4, 
68).  In their  more detai led observat ions, they noted specif ic 
f luorescence only in the cytoplasm throughout the repl icat ive cycle 
(45).  They also found no evidence of hemagglut inat ion or growth in 
embryonated eggs. Their studies noted a tendency for perinuclear 
f luorescence at al l  stages of infect ion, but intranuclear f luorescence 
was never observed. Intracytoplasmic inclusions were noted with May-
Grunwald-Giemsa and immunofluorescent staining but not with acr idine 
orange. Mitot ic nuclei  were never observed in syncyt ia with any 
staining method. 
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As studies of the virus progressed, the need for a sensit ive, 
reproducible method for detect ing minute amounts of  ant ibody, for 
cr i t ical  examinat ion of acute and convalescent serum samples, and for 
quanti tat ing serologic di f ferences among various RS v irus strains, 
resulted in plaque assay methods which provided the sensit iv i ty and 
accuracy desired (44, 66).  The method of Taylor-Robinson and Doggett  
did not ut i l ize a plaque overlay as did the method of Kisch and Johnson; 
however, the sensit iv i ty and reproducibi l i ty appeared to be the same 
with ei ther method. In both systems, whether stained or unstained, a 
"plaque" was def ined as a syncyt ium composed of a number of  fused 
ce 11 s,  
The instabi l i ty of the virus was by then wel l  known. Hambllng 
reported on a study of the stabi l i ty of the virus with variable 
temperatures and serum concentrat ions (26).  I t  was found that loss 
of v î i ' i i â  înfectîv! ty cccurrcd at any temperature, but the icv. 'est 
pract ical  temperature and avoids'  e of  refreezing resulted in the 
highest infect iv i ty for the longest period. An approximate 50 percent 
decrease In infect iv i ty could be expected in a virus sample stored at 
-65c after three months. In contrast,  at  55C no infect iv i ty could be 
expected after 20 minutes. The addit ion of serum beyond 5 percent did 
not increase virus survival t ime. 
The precise classi f icat ion or grouping of viruses cont inues to 
be s perplexing problem. Although blologleal propert ies serve as a 
guide to classi f icat ion and Ident i f icat ion, I t  has become evident that 
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more exact  and def inable cr i ter ia  must  be examined.  In  th is  respect ,  
the u l t rast ructure of  the v i rus par t ic le  i tse l f  appears to  present  the 
most  constant  features necessary for  prec ise c lass i f icat ion.  
The resp i ra tory  syncyt ia l  v i rus has been cons idered a member 
o f  the myxovi rus group by morpholog ica l  and phys ico-chemical  s tud ies 
(6 ,  7> 8) .  i t  has fur ther  been proposed that  the s t ructure of  the 
mucleocapsid o f  myxovi ruses be used to  separate myxovi ruses in to  
subgroups (70) .  
S ince the RS v i rus is  grouped wi th  myxovi ruses and yet  possesses 
spec ia l  character is t ics ,  such as a lack o f  any capabi l i ty  to  cause 
hemadsorpt ion to  in fected ce l ls  or  to  hemagglut inate ery throcytes in  
in fect ious t issue cu l ture f lu id ,  present ly  there have been e f for ts  to  
examine the u l t rast ructure of  the v i rus in  order  to  resolve i ts  
des ignat ion (7 ,  38,  54) .  
Ear ly  s tud ies o f  the u l t rast ructure of  the v i rus produced both 
agreeing and conf l ic t ing resul ts  (1 ,  6 ,  21,  38) .  Host  invest igators  
agree that  the morphogenesis  o f  RS v i rus resembles that  o f  o ther  myxo­
v i  ruses.  V i ra l  par t ic les range in  d iameter  f rom 80 to  500 nm wi th  
spher ica l ,  f i lamentous and p leomorphic  forms.  Pro ject ions have been 
observed on mature v i ruses measur ing i  5 nm in  length.  Fur thermore,  i t  
has been noted that  the s t ructure o f  a newly iso la ted RS v i rus d i f fers  
l i t t le  f rom one passaged in  ce l l  cu l tures (38) .  
The maturat ion o f  the v i rus occurs a t  the cytop lasmic membrane 
by budding (54) .  E longated forms o f  v i rus par t ic les were o f ten seen 
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to bud from the cytoplasmic membrane with a uniform diameter of 100-130 
nm and of variable length (54).  
Since the diameter of  the nucleocapsid seems to be a cr i t ical  
factor in classi fy ing the RS v irus, measurements have been made from 
many preparat ions with a conf l ict ing range of 12-18 nm diameter having 
been reported (6, 7, 21, 38).  I t  is fel t  that the extreme fragi l i ty 
of the virus plus di f ferent methods of f ixat ion are the major causes 
for this discrepancy, i t  appears that with meticulous efforts taken 
in preparat ion of specimens for examinat ion, a quite constant average 
diameter is 13 nm (54).  This diameter is both above that for inf luenza 
viruses (9 nm) and below that for paramyxoviruses (17-18 nm) (54).  
The diameter of  the nucleocapsid plus the biological features of 
RS v irus is the basis for some to feel that this virus should be 
grouped with the pneumonia v irus of mice which shares simi lar 
character ist ics (17, 54).  
The internal structure of the inclusions noted in the cytoplasm 
of infected cel ls appears to be denser than the inclusions found with 
paramyxoviruses (54).  
In order to study the pathogenesis of  the virus and to evaluate 
any contemplated prevent ive vaccine, a suscept ible experimental 
animal was needed. Coates and Chanock experimented with several 
species of animals, including ferrets, rabbits,  mink, guinea pigs, 
marmosets, rats,  mice and chinchi l las (15).  Al l  these animals could 
be infected as indicated by an ant ibody response, but c l inical  i l lness 
10 
could not be produced in any of them. The ferret did, however, show 
rather extensive histologic changes in the turbinate epithel ium. The 
virus could also be recovered from nasal secret ions for seven days 
after infect ion. The virus was ser ial ly passaged in ferrets 27 t imes 
with no increase in virulence. In later studies with temperature-
sensit ive mutants of  the virus, the Syrian hamster was apparent ly 
judged to be the most sui table for experimental studies since i t  
supports repl icat ion of the virus throughout the respiratory tract 
and the temperature di f ferent ial  between the nasal turbinate and 
lungs is simi lar to that in man (74).  
The study of RS v irus infect ion was further examined by 
infect ing human volunteers to observe cl inical  and serological 
responses (36, 37, 48, 51).  I t  was noted that many subjects had 
serum neutral iz ing t i ters to RS v irus; however, this did not apparent ly 
?» 1 f  r» r  f  ka »-ocp>rsnc<a f  ha r* f  t  h a x/ i ruc Moti i rsI  ro — 
infect ion with RS v irus in adults has subsequently been shown to 
occur in spite of serum ant ibody (36).  
The possibi l i ty of ant igenic variat ion among various RS v irus 
isolates has been examined extensively to determine i f  ant igenic 
di f ferences did indeed exist  or i f  the virus was capable of ant igenic 
dr i f t  (14, 16, 75).  Knowledge of ant igenic variat ions was especial ly 
important In the l ight of contemplated vaccine development. In i t ia l  
studies by Coates, et  al ,  indicated an ant igenic di f ference between 
two RS v irus strains when ferret ant iserum was used, but there was no 
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dif ference found by using ant iserum from infants recovered from RS 
v irus infect ion (16).  A s imi lar f inding was noted by Wulf f ,  et  al  
(75).  In 1966 a comprehensive study by Coates, et  al ,  of ten strains 
of RS v iruses indicated that ant igenic di f ferences do exist  but they 
are sl ight and re- infect ion in chi ldren with an ant igenical ly indis­
t inguishable virus does occur (14).  There was no indicat ion of 
ant igenic dr i f t  in the strains isolated over an eight-year period. 
Progress in development of  a protect ive vaccine cont inued. 
Epidemiological studies by this t ime provided ample evidence that RS 
v irus was the greatest s ingle cause of severe respiratory i l lness in 
infants and young chi ldren (12, 56) .  In I969 two reports of vaccine 
t r ials with young chi ldren were publ ished {hi ,  43). In both t r ials,  
an inact ivated virus vaccine was used. Serological studies clearly 
indicated that the vaccine was ant igenic. Subsequent outbreaks of RS 
v irus infect ion occurred in both groups of chi ldren, with unexpected 
results.  The chi ldren inoculated with the RS v irus vaccine who became 
infected during the outbreak experienced a more severe c l inical  i l lness 
which resulted in two deaths. Since the serum ant ibody levels against 
RS v irus were signif icant at the t ime of the outbreak, the al tered 
react iv i ty was ent irely unexpected. There is st i l l  no clear explanat ion 
for the results obtained; however, i t  is suspected that serum ant ibody 
against RS v irus is not only nonprotect ive, but in some way contr ibutes 
to the pathogenesis of the observed i l lnesses (11).  
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The hypothesis that the severi ty of RS v irus infect ion probably 
has an immunologic basis has provoked considerable study in this area. 
As yet there are no answers but several observat ions are of interest.  
A study of the age-i l lness relat ionship indicates that the most severe 
form of RS v irus i l lness involves chi ldren at an age when maternal ly 
acquired ant ibody is at i ts highest level.  I t  is also evident that at 
this t ime local ant ibody, which is not maternal ly derived, is at i ts 
lowest level (11).  
The importance of local ant ibody in protect ion against RS v irus 
infect ion has been studied and there is evidence that though local 
ant ibody may not inf luence susceptibi l i ty to infect ion, i t  has a 
marked effect on virus repl icat ion (11, 4]) .  
In view of this recent evidence, the direct ion of efforts to 
induce protect ion has been al tered. A l ive attenuated vaccine capable 
of repl icat ing in the upper respiratory tract is now thought to be 
capable of providing protect ion without causing the more severe lower 
respiratory tract infect ion. Wright,  et  al .  reported on results in 
hamsters using a temperature-sensit ive mutant of  RS v irus capable of 
repl icat ing in nasal turbinates but not in the lungs (74). Evidence 
has been produced using this mutant v irus to infect adult  subjects^ 
that i t  is capable of inducing protect ion against a chal lenge with 
wi ld-type RS v irus (73). However, i t  was found in this study that the 
r ise in nasal and serum ant ibody t i ters was not suff ic ient to explain 
the protect ion observed. I t  is possible that immunological phenomena 
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other than local ant ibody or other non-immunological factors may be 
responsible for the protect ion observed. This area of RS v irus research 
is very act ive at the present t ime (11).  
As stated earl ier,  the purpose in reviewing human RS v irus 
research is to place the invest igat ion into bovine RS v irus in proper 
perspect ive. By using human RS v irus research as a guidel ine, i t  should 
be possible to pursue the study of bovine RS v irus more ef f ic ient ly 
and also to examine areas that potent ial ly could be prof i table to both 
the human and bovine research efforts.  
An introduct ion to bovine respiratory syncyt ial  v iruses came 
in 1963 when Engl ish invest igators in human RS v irus research real ized 
that the calf  serum they were using in their  t issue culture medium 
contained factors that inhibi ted syncyt ium product ion in human RS 
v irus infected cel ls (19).  Subsequent studies fair ly wel l  establ ished 
that these inhibi t ing factors were specif ic ant ibodies and, therefore, 
the same or a closely related virus must be present in catt le (19).  
This apparent ly st imulated a search for a respiratory syncyt ial  v irus 
in catt le.  
In 1970 Paccaud and Jacquier publ ished a report of  an outbreak 
of bovine respiratory disease in Swiss catt le (55).  The outbreak 
began in 1967 with several farms being involved. They col lected 
specimens from two farms where respiratory disease was present.  I t  
is interest ing that only animals less than seven years of age showed 
signs of c l inical  i l lness even though the older animals were in close 
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contact with those with disease, i t  was also noted that cows rather 
than calves experienced a more severe c l inical  i l lness. 
There were two viruses isolated from the two outbreaks 
examined. I t  soon became apparent that the isolates were ident ical  
and, furthermore, that they manifested many of  the biological charac­
ter ist ics seen in human RS v irus isolates. On the second passage in 
pr imary bovine embryonic kidney (ECK) cel ls syncyt ia began to appear 
af ter twelve days of incubation at 36C. The f i rst  indicat ion of CPE 
was that of granular,  bal looned cel ls,  progressing to syncyt ium 
formation with addit ional incubation. With addit ional passages CPE 
was noted in $-6 days. I t  was further noted that maintenance medium 
supplemented with 2-5 percent cal f  serum and/or 0.1 mg prof lavin 
sulfate per ml enhanced the formation of syncyt ia (30, 55).  
Several cel l  types proved insensit ive to the bovine isolate, 
including human embryonic f ibroblast ic cel ls,  KB, HeLa, BHK 21, 
secondary rhesus kidney cel ls and pr imary embryonic sheep kidney 
cel ls.  The infected monolayers of sensit ive cel ls would not 
hemadsorb human, cal f ,  guinea pig, or chick erythrocytes. The same 
negative results were obtained when hemagglut inat ion tests were made 
with infect ious t issue culture f luids. 
Infected cel l  monolayers were stained with Sel ler 's May-
Grunwald-Giemsa, hematoxyl in and eosin, and acr idine orange stains. 
Cytoplasmic inclusions were prominent in al l  stained preparat ions 
except with acr idine orange, where opt ical ly empty spaces appeared in 
15 
the otherwise f lame-red cytoplasm. This lat ter observat ion was an 
indicat ion that the inclusions did not contain nucleoprotein. 
The physical and chemical propert ies of the bovine isolate 
closely resembled those found with human isolates. I t  was found to 
be very heat labi le,  sensit ive to low pH, and to l ip id solvents, i t  
was observed that 99 percent of residual v irus infect iv i ty was lost 
when f i l tered through an 0.45 u f i l ter.  This unexpected f inding was 
thought to be due to the formation of virus aggregates which were 
retained by the f i l ter.  
Serological studies were conducted with acute and convalescent 
serum samples of  infected catt le.  There were sero-conversions in both 
affected herds, including the animals from which the viruses were 
isolated. This was concluded as evidence of the bovine or igin of the 
isolate and that the virus was involved in the respiratory outbreak. 
Cross-neutral izat ion tests with the bovine, isolate and a human P.S v i rus 
using guinea pig ant iserum were also conducted. The results of these 
tests proved that the bovine and human viruses were ant igenical ly 
closely related but not ident ical .  Further serological studies 
indicated thqt one-third of a l l  bovine serums tested contained serum 
i ieuLral iz ing ant ibody to the bovine isolate. No product ion of serum 
ant ibody t i ters could be found in horses. One of the bovine isolates 
was neutral ized by over 50 percent of  the human serums tested, further 
indicat ing the close relat ionship of the two viruses. 
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From these studies and observat ions, the invest igators con­
cluded that their  isolates were bovine respiratory syncyt ial  v iruses. 
Later in 1970 Inaba, et  al .  described a respiratory epizoot ic 
that swept through Japan during I968 and 1969 (33).  Their report was 
br ief  but i t  clearly indicated that the virus isolated from this 
outbreak was a bovine respiratory syncyt ial  v irus and i ts close 
ant igenic relat ionship to the human RS v irus was conf irmed. 
Also, In 1970, a report from Belgium indicated that a bovine RS 
v irus had been isolated from catt le in that country (72).  A subse­
quent report of  a serological survey of catt le in Belgium indicated 
that nearly 40 percent of  the animals tested had an ant ibody t i ter to 
the hovine RS v irus (71).  
In 1971 invest igators in England reported the isolat ion of a 
bovine RS v irus from catt le in England (35).  Studies on the physico-
chemical or serological character ist ics of the virus were not 
elaborated upon. 
A recent serological study with various animal species was con­
ducted to detect serum ant ibodies to RS v irus in Canada (5).  Although 
this was a l imited survey, there was an indicat ion of ant ibody t i ters 
not only in catt le,  but also in sheep. This report did not indicate 
whether a human or bovine RS v irus was used as an ant igen in the 
complement f ixat ion tests; however, i t  is assumed that i t  was a human 
RS v irus isolate. I t  was concluded from this study that since a high 
percentage of sheep did have RS ant ibody, i t  would wel l  be worth 
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considering this animal as an experimental model for the study of 
human RS v irus infect ion. 
In 1973 the Japanese invest igators reported results of ul tra-
structure studies with the bovine RS v irus isolated in that country 
(34).  Negative stained preparat ions clearly indicated the pleomorphism 
of the virus with spherical,  elongated, and distorted forms. Dimen­
sions of part ic les varied from 80-450 nm, with an average of 200 nm. 
The internal structure measured 11-15 nm in diameter,  which is con­
sistent with f indings with the human RS v irus, in ul trathin 
sect ions, budding part ic les also appeared pleomorphic, with spheri­
cal and f i lamentous forms observed at the plasmalemma. These invest i­
gators concluded from their  studies and observat ions that the bovine 
RS v irus should be included in a separate group of metamyxoviruses as 
has been suggested by others (7, 8, 17, 38, 54).  
In 1969 Malmquist,  et  al .  reported on the isolat ion and 
character izat ion of a v irus causing syncyt ia formation in bovine spleen 
cel ls (50).  The new isolate was designated as a bovine syncyt ial  
v irus because of the consistent formation of syncyt ia in infected cel ls.  
This virus has been shown to be morphological ly and ant igenical ly 
dist inct from the bovine "5 v irus' .  This is an instance where confusion 
in the l i terature wi l l  remain as long as RS v iruses retain their  present 
designat ion. 
^Dr. M. Van Der Maaten, N.A.D.L.,  Ames, la.  -  personal communicat ion. 
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In concluding this review, i t  is apparent that there is much 
to be accomplished in the area of bovine RS v irus research, 
part icular ly relat ive to the epidemiology and pathogenesis of  the 
disease. I t  is also apparent that cont inued research with the bovine 
RS v irus can be helpful  in both animal and human disease. 
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MATERIALS AND METHODS 
Cel l  Cultures 
Two embryonic bovine kidney cel l  l ines were used; Madin-Darby 
bovine kidney'  (MDBK) and a bovine kidney cel l  l ine developed in 
Georgia (GBK) by Solarzono^. In addit ion, low passage cel l  types 
were obtained from a neonatal  cal f .  These included cel ls from the 
lung ( IBL),  trachea ( IBTr),  thyroid (IBThyr),  aorta ( IBA), and 
spleen (IBS). 
The t issues for low passage cel l  types were taken asept ical ly 
and placed in Dulbecco's modif icat ion of Eagle's minimum essent ial  
medium^ (MEM) with ant ibiot ics in the concentrat ions as mentioned 
later.  The t issues were f inely minced with a scalpel and the fragments 
were placed in 250 ml plast ic t issue culture f lasks with MEM, 10 per­
cent fetal  cal f  serum^ (FCS), and ant ibiot ics. After incubation for 
1-2 weeks at  37C in a 5 percent carbon dioxide atmosphere, the cel ls 
had grown out from the t issue fragments. The medium was removed and 
the cel l  surface was careful ly washed with Rînaîdini  enzyme solut ion 
(R-sal ine),  a calcium and magnesium free Tyrodes-l ike solut ion (62).  
The cel l  surface was then f looded with 0.1 percent t rypsin^ and 0.02 
'American Type Culture Col lect ion 
2r.  F. Solarzono, Universi ty of Missouri ,  Columbia, Mo. 
^Grand Is land Biological Co.,  Grand Is land, N. Y, 
^Difco Laborator ies, Detroi t ,  Mich. 
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percent versene' in R-sal ine (RTV) for 3-5 minutes. The RTV was then 
removed and the cel ls were incubated at 37C unt i l  they detached from 
the f lask surface. The cel ls were harvested in 5 ml MEM and dispersed 
by vigorous pipett ing 3"^ t imes. The cel ls were then passed to new 
f lasks using MEM with 10 percent FCS and ant ibiot ics. By the second 
passage ant ibiot ics were usual ly not necessary. Most of  the cel l  types 
could be passed 8-10 t imes before not iceable slowing of growth was noted. 
When cel ls were needed for virus studies, they were removed 
from the f lask as described and suspended in MEM with 2 percent FCS at  
a mult ipl ic i ty necessary to form a monolayer when attached. Virus 
inoculat ions were usual ly done with the cel ls in suspension (60).  
Virus isolat ion attempts were made in plast ic t issue culture 
tubes^. Plast ic t issue culture plates with 24 wel ls^ were used for 
virus t i t rat ions and serum neutral izat ion tests. In both instances 
!  ml of  cel l  suspension was used to provide monolayers. 
The cel ls used in this study were grown and maintained in 250 ml 
plast ic t issue culture f lasks^. Buffers used were 0.076 percent sodium 
bicarbonate and a combinat ion of organic buffers^: N, N'-bis (2-
hydroxyethy1)-2-aminoethane sulfonic acid (BES), N-2-hydroxyethyl-
piperazine-N'-2-ethanesulfonic acid (HEPES), and N-2-hydroxyethyl-
^J. T. Baker Chemical Co.,  Phi l l ipsburg, N. J.  
^Falcon Plast ics, Oxnard, Cal i f .  
^Linbro Chemical Co.,  New Haven, Conn. 
'^Nutr i t ional Biochemicals Corp.,  Cleveland, Ohio 
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piperazine propane sulfonic acid (HEPPS) in f inal  concentrat ions of 10, 
15» and 10 nm respect ively (20).  
Ant ibiot ics used were potassium penici l l in (100 I .U./ml),  
streptomycin sulfate^ (100 ug/ml),  and amphoteric in (10 ug/ml).  
Ant ibiot ics were used only in in i t ia l  low cel l  passage preparat ion 
and in virus isolat ion attempts from nasal secret ion material .  Al l  
cel ls were propagated at 37C in a 5 percent carbon dioxide atmosphere. 
Al l  t issue culture and virus isolat ion procedures were con­
ducted in a posit ive air  f low hood^. 
Organ Cultures 
A trachea from a neonatal  cal f  was obtained and incubated in 
MEM with ant ibiot ics for one hour before further processing. Tracheal 
r ings were separated with a scalpel and excessive t issue tr immed away. 
The r ings were then cut into 8-10 mm^ sect ions and placed in six-
ci idi i iuereu ( j ldbt ic Libbue culture trays'^.  The surface of the trays 
was scratched to faci l i tate attachment. Then MEM with 10 percent PCS 
and ant ibiot ics was added to a level that just lef t  the trachea! 
epithel ium exposed. For v irus studies the medium was removed and MEM 
with 2 percent PCS and ant ibiot ics was subst i tuted and 0.1 ml of  a 
'eI I  Li l ly S Co.,  Indianapol is,  ind. 
n 
Fungizone, E. R. Squibb & Sons, New York, N. Y. 
^Plast icage Corp.,  Jackson, Mich. 
^Linbro Chemical Co.,  New Haven, Conn. 
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virus suspension was dropped direct ly on the epithel ial  surface. 
Ci l iary act iv i ty was observed dai ly using an upright microscope with 
indirect l ight ing. The expiants could be maintained for over s ix 
months with bi-weekly changes of medium. 
Virus Isolat ion 
On January 1, 1971, this laboratory ( the Veter inary Medical 
Research Inst i tute) was contacted relat ive to an outbreak of acute 
respiratory disease in a herd of catt le in central  Iowa. The c l inical  
history of the herd was scanty, but apparent ly the outbreak was in a 
group of 300-400 lb.  calves of mixed breeds and or igins which had been 
purchased some 2-3 weeks previously from a local sale barn. There was 
no known previous vaccinat ion or treatment history. On January 1, 
1971» the major i ty of the calves were obviously i l l  with a mi ld cough, 
anorexia, and pyrexia. There were two calves showing signs of , 
incoordinat ion, which in acute respiratory disease is often an 
indicat ion of an extremely high temperature. Nasal secret ions were 
taken from f ive calves with a ster i le cotton swab and expressed into 
2 ml MEM with 2 percent PCS and ant ibiot ics. Serum samples were taken 
at this t ime and again four weeks later.  The calves sampled were given 
ident i fy ing numbers: FSl-1, FSl-2, FSl-3, FSl-4, and FSl-5. Hereafter,  
in this discussion, these numbers may indicate various things, 
including nasal secret ion samples, serum samples, or v irus isolates, 
but they al l  wi l l  ref lect the ident i ty of the animal of  or igin and 
the context in which the i tem is discussed should ident i fy i t  
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precisely.  Eventual ly the designat ion of FSl-1 wi l l  be synonymous 
with "the bovine respiratory syncyt ial  v irus",  and " the bovine 
isolate FSl-1".  
The nasal secret ion material  from the f ive calves was held 
at 4C for 1-2 hours and then frozen at -70C unt i l  v irus isolat ion 
attempts were made. 
Virus isolat ion attempts were made by thawing the nasal se­
cret ion suspension and inoculat ing 0.1 ml into dupl icate tubes 
containing the cel l  types mentioned previously. One tube of each 
type was pieced in a stat ionary rack and incubated at 33C and 37C 
respect ivel / .  The tubes were examined dai ly with an inverted micro­
scope' for 10-12 days or unt i l  cel l  dégénérât 'on was noted. Samples 
were subpassaged f ive t imes i f  no cytopathogenic effect (CPE) was noted. 
I f  any suggest ion of CPE developed, the samples were subpassaged eight 
t imes. Subpa:;sage was accomplished by inoculat ing 0.1 ml of  medium, 
cel ls,  and cel l  debris into new tubes prepared as before. I f  CPE was 
noted, the cel ls were dislodged and with the supernatant medium were 
frozen at -/OC. Before isolat ion atcempts were discont inued, or when 
CPE developed, a hemadsorpt ion test was made. The method described by 
Hotchin, et al .  was used for this test (Sl) .  The medium was removed 
from the monolayer,  the monolayer was washed three t imes with warm 
R-sal ine, 1 ml of  1 percent guinea pig erythrocytes in Alsever 's 
solut ion was added and the tube was incubated for one hour at  room 
'Unitron Instrument Co.,  Newton Highlands, Mass. 
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temperature. The solut ion was then removed and the cel l  layer was 
washed once and then examined under a microscope for evidence of 
hemadsorpt ion. 
Virus Stocks 
The bovine isolate, FSl-1, and a human respiratory syncyt ial  
v irus (RS)'  were grown in GBK cel ls unt i l  75 percent of the cel l  
sheet showed signs of CPE. The virus was harvested, with cel ls,  
fol lowing one freeze-thaw cycle. Al iquots of each virus were tnen 
frozen and stored at -70C. 
Virus Ti trat ion 
The bovine respiratory syncyt ial  v irus was t i t rated by inocu­
lat ing 0.1 ml of  half  log. di lut ions of virus suspension into I  ml 
GBK cel l  suspensions as previously described. Al l  t i t rat ions were 
perfoni ieu in quadrupl icaLe. Ti ters were determineu after f ive days'  
incubation at 37C in a 5 percent carbon dioxide atmosphere as 50 
percent infect ive doses (TCID^q)  calculated by the method of Reed and 
Muench (59).  The human respiratory syncyt ial  v irus was t i tered in the 
same manner. 
Serum 
Paired serum samples were taken from the animals from which 
the bovine RS v irus was isolated, one at the t ime of i l lness and a 
second four weeks later.  
^Long strain. American Type Culture Col lect ion (KB6L2) 
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Serum samples from animals used in experimental infect ions 
were taken at the t ime of infect ion and at intervals thereafter.  
Hyperimmune serum against parainf1uenza-3 virus produced In a 
goat was made avai lable by this laboratory. Hyperimmune serum against 
the bovine syncyt ial  v irus described by Malmquist,  et  al .  (SO) was 
provided by Dr. M. Van Der Maaten, N.A.D.L.,  Ames, Iowa. 
Hyperimmune serums against the bovine respiratory syncyt ial  
v irus and the human respiratory syncyt ial  v irus were produced in 
rabbits by inject ing 2 ml of  v irus suspension intraperi toneal ly at 
weekly intervals for six weeks. The suspension Injected contained 
approximately 4,000 plaque forming units (PFU) of  v irus. Serum was 
harvested two weeks fol lowing the last inject ion. 
Al l  serums were heat inact ivated at 56C for 30 minutes. In 
addit ion, serums from experimental ly infected animals and from rabbits 
were absorbed wi th an equal  volume of  G3K cel l  suspension. This 
mixture was incubated for three hours at room temperature, then 
centr i fuged at low speed and the supernatant was stored at 4C unt i l  
used. 
Serum Neutral izat ion 
Two-fold di lut ions of serums were incubated with equal volumes 
of virus suspension containing 50-150 PFU for three hours at room 
temperature. After this incubation period, .25 ml of  the serum-virus 
mixture was inoculated into dupl icate wel ls of a 24-wel l  p last ic 
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t issue culture plate containing a monolayer of  GBK cel ls from which 
growth medium had been removed. Absorpt ion was al lowed to proceed 
for three hours at room temperature. Excess f lu id was then removed 
and 1 ml of  equal volumes of 2X MEM and 1 percent agarose^ was added. 
An incubation period of f ive days at 37C in a 5 percent carbon dioxide 
atmosphere fol lowed. The agar was then removed and the cel l  surface 
was washed with warm R-sal ine. The monolayer was then f ixed and stained 
simultaneously using a combinat ion of one volume methanol,  one volume 
1 percent basic fuchsin in methanol,  and three volumes 1 percent 
methylene blue in methanol (58).  After a ten minute f ixat ion and 
staining period, the mixture was removed and the monolayer was washed 
with tap water.  The monolayer was then examined with an inverted 
microscope and plaques were counted. A plaque was def ined as a 
syncyt ium or an empty space from which a syncyt ium had detached in the 
process of f ix ing and bLainir iy.  Tl ie ant i  body t i ter was determined as 
the reciprocal of that serum di lut ion which reduced the plaque number 
by 50 percent.  Appropriate controls were processed in a simi lar 
manner. 
Determinat ion of Essential  Lipid Content 
The method described by Feldman and Wang (22) was used to 
determine the sensit iv i ty of the virus to l ip id solvents. Twenty 
volumes of virus suspension containing approximately 1000 pfu/ml 
^Marine Col loids, Inc.,  Rockland, Maine 
was mixed vigorously with one volume of reagent grade chloroform for 
f ive minutes. The mixture was then centr i fuged at low speed for f ive 
minutes and the supernatant was t i t rated to determine residual 
infect iv i ty.  The virus was determined to contain essent ial  l ip id i f  
no infect iv i ty was noted. Appropriate controls were processed 
simi iar ly.  
Determinat ion of pH Sensit iv i ty 
The method described by Ketler,  et al .  (4?) was used in this 
test.  One volume of virus suspension was incubated with ten volumes 
of MEM adjusted to pH 3 for 30 minutes at room temperature. Residual 
infect iv i ty was then t i t rated. A rhinovirus and an enterovirus were 
used as v irus conLrols. 
Determinat ion of Nucleic Acid Type 
The indirect method of nucleic acid determinat ion was used in 
this test (28) .  Monolayers of GBK cel ls in 24-wel l  p last ic t issue 
culture plates were washed two t imes with warm R-sal ine. Half- log 
di lut ions of the test virus and the virus controls were made in MCM 
without PCS. Two plates with cel l  monolayers were then inoculated 
with .1 ml of  each virus di lut ion--four repl icates per di lut ion. The 
virus was al lowed to absorb for one hour at  room temperature and the 
excess f lu ids were then removed. To one plate 1 ml MEM without PCS 
and to the second 1 ml of  MEM containing 10 ^ M 5~bromodeoxyuridine'  
's igma Chemical Co.,  St.  Louis, Mo. 
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(BUDR) was added. After a 5-day incubation period at 37C in a 5 
percent CO2 atmosphere, the monolayers were examined for signs of CPE 
and the virus t i ter was calculated as described. Parainf luenza-3^ 
(PI -3)  and infect ious bovine rhinotracheit is '  ( IBR) viruses were used 
as controls.  A v irus was determined to be insensit ive to the thymidine 
analog, thus containing RNA, i f  there was not at least a 2 log drop in 
the virus t i ter in the virus di lut ions to which BUDR was added. 
Determinat ion of Virus Size 
A modif icat ion of the method described by Hsuing was used to 
approximate the size of the virus (32) .  Nalgene^ f i l ters of .45 u 
and .20 u average pore diameter were used. An al iquot of MEM (10-15 
ml) was drawn through the f i l ter and discarded. This was to insure 
thorough wett ing of the f i l ter.  Fol lowing this,  a sample of  50 ml 
of  v irus suspension was drawn through the f i l ter and the residual 
v irus infect iv i ty in the f i l t rate was t i t rated as described. 
Cytopathogenic Effect and Staining Character ist ics 
The cytopathogenic effect (CPE) was observed using standard 
methods with hematoxyl in and eosin, May-Grunwald-Giemsa, and acr idlne 
orange stains (57, 69).  Unstained preparat ions were observed in 
infected monolayers of  various cel l  types prepared in 24-chambered 
plast ic t issue culture trays as described. For stained preparat ions 
' indicator virus strain obtained from Veterinary Biologies Division, 
U.S.D.A.,  Ames, Iowa 
^Nalgene Labware Division, Rochester,  N. Y. 
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round covers! ips were prepared by dipping in 95 percent ethanol and 
f laming. They were then placed in plast ic t issue culture dishes^. Then 
.5 m! of  a cel l  suspension in MEM with 2 percent PCS was careful ly 
placed on the coversl ip.  The cel l  suspension was prepared as described 
earl ier.  The cel ls were then infected in suspension using .05 ml 
v irus inoculum. The cel ls were al lowed to attach for 2-3 hours 
fol lowing which 2 ml MEM with 2 percent PCS was added to f lood the 
coversl ip and wash away unattached cel ls.  At predetermined t ime 
intervals the coversl ips were removed, washed with R-sal ine, and 
f ixed in a manner appropriate for each staining procedure, Carnoy's 
f ixat ive was used for acr idine orange staining, methanol for May-
Grunwald-Giemsa, and 10 percent buffered formal in for hematoxyl in and 
eosin. After staining and mounting, the cel ls were examined and photo-
2 graphed through a binocular Leitz Ortholux microscope .  Photographs 
were taken with Psnatcmic-X^ black and white, and high speed Ektachrome-^ 
color f i lms. 
Determinat ion of Mycoplasma Contaminat ion 
Throughout this study samples of al l  pert inent i tems were 
cultured to determine i f  mycoplasma contaminat ion was present.  The 
method of Prey, et  al .  (23) was used. Petr i  plates with M -96 medium 
^Falcon Plast ics, Oxnard, Cal i f .  
2 Ernst Leitz,  Wetzlar,  Germany 
^Eastman Kodak, Rochester,  N. Y. 
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were streaked with sample material ,  incubated in a microaerophi1ic 
environment at 37C for 24 hours, examined under a microscope, then 
incubated an addit ional 4-6 days at 37C i f  no colonies were noted. 
Experimental Infect iv i ty Studies in Hamsters 
Based on human RS v irus studies, i t  was considered that much 
of  the work on pathogenesis of  the bovine RS isolate could be 
carr ied out easi ly and inexpensively in hamsters i f  i t  could be 
shown that the bovine isolate would repl icate in the respiratory 
t issues of that species, in two t r ials weanl ing hamsters^ were 
inoculated with infect ious virus suspensions. In the f i rst  t r ial  
six hamsters were anesthet ized with ether and .2 ml of  virus suspension 
(100 TCID^g/. l  ml) was inst i l led into each nostr i l .  In the second 
t r ial  six hamsters were placed in a large beaker, the beaker was 
covered, and a 4 ml quant i ty of virus suspension was sprayed into 
the beaker using a gas-powered atomizer (64).  The inoculum in the 
second t r ial  contained approximately 4000 TCID^Q/ml of  the virus. 
in both t r ials the lungs, trachea, and nasal turbinates of 
one hamster were harvested on al ternate days fol lowing inoculat ion. 
The t issues were pooled, ground in a t issue gr inder, and made up to a 
10 percent suspension in MEM with ant ibiot ics. A .1 ml al iquot of 
the t issue suspension was inoculated into GBK cel ls as described 
earl ier.  Samples from each hamster were subpassaged 3 t imes at weekly 
intervals in an attempt to recover the virus. 
^A.R.S.,  Sprague-Dawley, Madison, Wise. 
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Experimental Infectîvlty Studies In Calves 
Five calves were used in this study. Three Hereford calves 
were obtained at birth from a herd maintained by the Veterinary 
Medical Research Institute (V.M.R.t.). Two Guernsey calves were 
purchased from a local dairy. Each calf was scrubbed with a .01 
percent benzylkonium chloride' solution and then placed in isolation 
units previously fumigated with formaldehyde. Each calf was given 
5 ml of a combination of procaine penicillin G (200,000 lU/ml) and 
dihydrostreptomycin^ (.25 g/ml) intramuscularly daily for ten days. 
Serum was obtained from a colostrum-deprived calf used in another 
study. At birth each calf was given 100 ml of this serum 
subcutaneously and 100 ml orally. Powdered nonfat milk was re­
constituted with equal volumes of Darrows solution^ and 5 percent 
glucose and fed to each calf four times daily for ten days. If 
diarrhea developed, the powdered mi lk was omitted snd only the 
Darrows solution and 5 percent glucose mixture was fed for three 
days. After ten days, a commercial milk replacer was gradually 
substituted. Commercial pelleted feed^ and good quality hay were made 
available at two weeks, and by two months the calves were weaned. 
^Roccal; Winthrop Laboratories, New York, N.Y. 
^Combiotic, Chas. Pfizer & Co., New York, N.Y. 
3Darrows solution: 4.0 gm KCl, 6.0 gm NaCl, 15.5 ml 60 percent sodium 
lactate, q.s. to 1,500 ml with water 
^Calf Krunch - 6101-27, Allied Mills, Chicago, 111. 
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When the youngest calf was 8 weeks old, the five calves were infected 
intranasal1y with the bovine RS virus using a gas-powered atomizer as 
described by Sinclair and Tamoglia (64). The inoculum was k ml of 
virus suspension containing approximately 4000 PFU of virus. The 
calves were observed three times daily for clinical signs of il lness. 
Rectal temperatures and respiration rates were taken daily. Blood 
samples were taken daily from one day before infection until seven 
days after Infection. They were examined for total white blood cell 
count, differential white blood cell count, hematocrit, plasma 
fibrinogen, and total serum protein. Serum samples were taken before 
Infection and one week, one month, and two months after infection. 
Nasal secret ions were obtained twice dai ly from one day before 
infect ion to ten days after infect ion. The nasal secret ion samples 
were handled and virus isolat ion attempts were made using the same 
procedures as described earl ier.  
Serological Survey 
Serum samples from 32 catt le were examined for the presence of 
serum neutral iz ing ant ibodies to the bovine RS isolate FSl-1. The 
animals tested were divided into three categories. 
The f i rst  category consisted of 37 animals with respiratory 
disease. Paired serum samples were avai lable from these animals, one 
taken at the acute phase of respiratory disease and one taken 3-4 
weeks later.  
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The second category consisted of 37 animals with no obvious 
sign of respiratory disease. One serum sample was tested from these 
animals. 
The third category consisted of calves from an Iowa State 
University herd. These calves, hereafter referred to as Albia calves, 
were from a herd of mixed-breed and cross-bred cows. Calves from this 
herd had a history of having an outbreak of respiratory disease each 
year within two weeks after being moved from one farm to another, a 
distance of about 40 miles, and mixed with other calves in a feedlot. 
This part of the survey was designed to follow these calves by sero­
logical testing from before being moved until after they experienced 
an outbreak of acute respiratory disease. The first serum sample was 
taken from 84 calves on October 18, 1972, which was two weeks before 
the anticipated move. Nasal secretion material was also taken at 
this time and the samples were pooled, five to a pool, and virus 
isolation attempts were made as described earlier. The calves did 
not show signs of respiratory disease within the t ime predicted. A 
second serum sample was taken from 25 of the calves on January 12, 
1973. On January 25, 1973, the calves had an outbreak of acute 
respiratory disease. At this t ime f ive animals with signs of respira" 
tory disease were examined. Nasal secretions and two blood samples 
were taken, the second sample being taken with anticoagulant in order 
to harvest white blood cells from the buffy coat. The nasal secretion 
material was inoculated into four cell types as described earlier. The 
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cell types used were MDBK, GBK, and low-passage lung and spleen cells. 
In addition, .05 ml of the nasal secretion material was inoculated 
onto bovine tracheal epithelium of organ cultures as described. The 
buffy coat was harvested and dispersed in 1 ml MEM. Then .] ml of 
this cell suspension was inoculated into cell cultures for virus 
isolation in the same manner as nasal secretion material. All Iso­
lation procedures were done in duplicate tubes and a tube from each 
sample was incubated in stationary racks at 37C and 33C respectively. 
A final serum sample was taken on March 2, 1973» from 20 calves in 
this group. 
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RESULTS 
Isolation and Culture Characteristics 
Frozen nasal secretion samples obtained from five animals (FSl-1— 
FSI-5) with acute respiratory disease were rapidly thawed at 37C and 
inoculated into several cell types as described. These cells included 
MDBK, GBK cells and low passage lung, trachea, synovial, aorta, and 
spleen cells obtained from a neonatal calf as described in Materials and 
Methods. 
One sample, FSl-4, showed obvious CPE by the fifth day of incu­
bation in all cell types. This isolate exhibited hemadsorption 
capability and was subsequently identified as PI-3 by serum 
neutralization. 
The remaining samples were subpassaged five times at 12-14 day 
intervals before any obvious changes were noted. On the fifth passage, 
FSI-l exhibited slight CPE in GBK and lung cells at 12 days of incu­
bation. The GBK cells usually showed obvious signs of degeneration at 
12-14 days of incubation and therefore were not used for initial iso­
lation. The low passage lung cells could be maintained for up to 60 
days with no signs of degeneration; therefore, these cells were utilized 
in initial isolation attempts. 
The three samples remaining showed no signs of CPE after the 
eighth passage and isolation attempts were terminated. 
The two isolates, FSl-1 and FSl-4 exhibited identical cytopathic 
characteristics in lung cells. The first changes noted were small 
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areas where 2-3 cel ls showed extreme granular i ty with shrinkage of 
cytoplasm result ing in eventual opacity.  These cel ls detached in 
about 24 hours and f loated in the medium. In early passage the medium 
in the tubes showed a rapid shi f t  to an acid pH. After 10-12 
passages this rapid shi f t  was no longer noted. Subsequent to this 
type of CPE i t  was noted that syncyt ium formation occurred with 10-15 
cel ls coalescing to form a very granular,  vacuolated mass. In these 
early passages the syncyt ia developed a deep yel low to brown color.  
This also disappeared by the tenth passage. Because of the early 
acidi ty noted, i t  was suspected that mycoplasma infect ion might be 
involved but repeated attempts to isolate mycoplasma were f rui t less. 
The only di f ference noted between the two isolates was that FSl-4 
showed an extreme hemadsorbing capabi l i ty whereas FSl-1 would not 
hemadsorb. After 4-5 passages FSl-4 ceased to exhibi t  the granular i ty 
no ted earl ier ar,u prouuced CPE character ist ic of many P!-3 isolates, 
with many scattered, rounded, refractory cel ls and small  syncyt ia. At 
this t ime the FSl-4 isolate was frozen and efforts were directed 
toward character iz ing and ident i fy ing FSl-1. 
The syncyt ia produced by FSl-1 increased in size with subsequent 
passage unt i l  cel l  masses containing 150 or more nuclei  were noted. I t  
was di f f icul t  to increase the virus t i ter,  al though several methods 
were used; such as rol ler tubes, incubating at various temperatures, 
and harvest ing the virus at various t imes of incubation. However, by 
about the eighth passage CPE was noted by 5~7 days and the t i ter was 
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increased to TCID^g/ml.  At this t ime i t  was noted that the 
GBK cel ls were more permissive to virus growth, producing larger 
syncyt ia with shorter incubation periods unt i l  by the f i f teenth passage 
CPE was noted at 2 days with maximum cel l  involvement by 5-6 days. 
The GBK cel ls were then used for subsequent studies since the lung 
cel ls exhibi ted much slower growth after 6-8 subpassages. The virus 
t i ter could not be increased above 10^*^ TCID^Q/ml, and i t  was even 
di f f icul t  to maintain the t i ter at this level.  
M M  the other cel l  types could be infected with FSl - 1 ,  but 
virus t i ters remained at low levels and the CPE was never very extensive, 
in addit ion, infect ion in these cel ls,  including MDBK cel ls,  did not 
result  in syncyt ium formation. In the low passage cel ls,  smal l  
areas of granular i ty developed which did not enlarge. These areas 
could have easi ly been mistaken for nonspecif ic changes. The MDBK 
cel ls exhibi ted focal areas of cel l  degenerat ion, eventual ly spreadiny 
to include most of  the monolayer.  The cel ls would shr ink, become 
granular and detach. Later,  when low passage bovine thyroid cel ls 
were used, product ion of syncyt ia resulted much l ike that in GBK cel ls.  
Tracheal organ cultures were also infected with FSl-1 in an 
attempt to increase the virus t i ter.  This fai led to produce a virus 
t i ter above that mentioned earl ier al though the virus could be 
recovered from the organ cultures as long as 40 days after infect ion. 
Many of  the organ cultures showed a marked decrease in c i l iary act iv i ty 
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at 5"6 days after infect ion. However, the act iv i ty appeared to return 
to normal in 24-48 hours. 
Various concentrat ions of fetal  cal f  serum were used in the 
maintenance medium in an attempt to enhance CPE and increase the 
virus t i ter.  There was no enhancement of  CPE nor Increase in virus 
t i ter when concentrat ions of PCS greater than 2 percent were employed. 
Cytological Character ist ics 
The Hay-Grunwald-Giemsa (MG~G) staining method proved to be the 
most useful  in monitor ing changes in cel ls as CPE progressed. GBK 
cel ls were grown and infected on round coversl ips as described and at 
various t imes of incubation a covers! ip was removed and stained. 
The density of the cel l  monolayer and the mult ipl ic i ty of in­
fect ion produced sl ight di f ferences in the CPE noted. A dense mono­
layer infected with 100-500 TCID^ q  produced smal ler syncyt ia and more 
focal areas or granular i ty.  
The MG-G stained preparat ions revealed two types of CPE. The 
focal areas of granular cel ls appeared very dense with shrunken cel ls 
and degenerat ing nuclei .  The syncyt ia observed were composed of a 
large cytoplasmic mass with the nuclei  tending to aggregate toward 
the center.  The syncyt ia seen early in incubation appeared to be 
composed of viable cel ls and i t  was only in late incubation stages 
that the cytoplasm and nuclei  appeared to degenerate. Many of  the 
syncyt ia contained quite dense inclusions surrounded by a clear halo. 
As CPE progressed, the cytoplasm appeared to shrink, with cytoplasmic 
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strands extending from the syncyt ia. Eventual ly the syncyt ia would 
exhibi t  faint ly staining cytoplasm with a lacy appearance and 
pyknot ic nuclei .  
The hematoxyl in-eosin stained preparat ions showed the same 
changes noted in the MG-G stained monolayers except that the 
inclusions were eosinophi l ic.  
Acridine orange stained monolayers revealed syncyt ium formation 
somewhat ear l ier than with the two previous procedures. The focal 
areas containing granular cel ls were densely stained with the nuclei  
showing evidence of karryorhexis. The cytoplasm in syncyt ia did not 
stain as intensely as that in uninfected cel ls;  however, the nuclei  
appeared quite normal.  There were spaces in the cytoplasm devoid of 
f luorescence, which could indicate the locat ion of inclusions as noted 
by others (4, 54). 
Physical and Chemical Character ist ics 
Table 1 summarizes the character ist ics of the bovine RS v irus 
isolate compared with control  v iruses. 
The test for l ip id solvent sensit iv i ty indicates that the FSl-1 
isolate does contain essent ial  l ip id. The effect iveness of the test 
is indicated by a r ise in t i ter of the enterovirus used as a control .  
The results of the acid sensit iv i ty test indicate that the new 
isolate is sensit ive to a low pH. 
The sensit iv i ty of FS1-1 to BUDR indicates that i t  contains RNA. 
The results of this test were often inconsistent and the test had to 
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be run many times before any conclusion could be reached. This test, 
as well as the test for acid sensitivity, will be discussed in more 
detail later. 
Determination of the approximate size of the virus by using 
membrane filtration is certainly not a sensitive one. However, it 
does give an approximation and the difficulties and inconsistencies 
of the test will be discussed in the next section. 
The Antigenic Relationship Between the Bovine RS Virus 
and a Human RS Virus 
The results of this study are summarized in Table 2. The 
Long strain was used as the human prototype virus and antiserum 
to both the bovine and human isolates was prepared in rabbits 
as described. The antigenic relationship between the bovine 
isolate and the human respiratory syncytial virus was 
65tab I  Î Sr ièu. 
The Antigenic Relationship of FSl-1 with 
other Syncytium-Producing Viruses 
This study was conducted, first, because of the close resemblance 
of FSl-1 to FS1-4 in cytopathic characteristics and, second, because 
of the confusion many have of the bovine respiratory syncytial virus 
and the bovine syncytial virus mentioned earlier. The results of 
neutralization tests with a prototype PI-3 virus, FSl-4, various 
field PI-3 isolates using both rabbit and bovine antisera clearly 
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indicated a dist inct lack of ant igenic relat ionship. Neutral izat ion 
tests with the FSl-1 isolate and the bovine syncyt ial  v irus ant iserum^ 
proved in several tests that there was no serological relat ionship 
between the two. 
Examinat ion for Mycoplasma Contaminat ion 
As indicated earl ier,  mediums used, cel ls,  and virus samples were 
periodical ly checked for the presence of mycoplasma. I t  is unusual,  
in this laboratory, to consistent ly f ind no mycoplasma contaminat ion; 
however, even in the ini t ia l  f ie ld isolates, no mycoplasma could be 
recovered. This is not proof,  of  course, that there was no mycoplasma 
present;  i t  was just not isolated. In addit ion, bacter ial  or fungal 
contaminat ion was present only sporadical ly,  usual ly traced to careless 
laboratory techniques. The absence of ant ibiot ics in al l  mediums 
except for in i t ia l  isolat ion provided an eff ic ient monitor for 
Indicat ing fai lures in technique. 
Experimental Infect iv i ty in Hamsters 
The results of experimental infect iv i ty efforts in hamsters were 
uniformly negative, in spite of three subpassages, there was never any 
indicat ion of virus recovery. Also, there was never any indicat ion of 
c l inical  i l lness in the hamsters. Neither infect iv i ty nor pathogenesis 
studies in hamsters was pursued. 
* Bovine syncyt ial  v irus ant iserum provided by Dr. M. Van Der Maaten, 
N.A.D.L.,  Ames, Iowa 
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Experimental Infect Ivlty In Calves 
The five experimental calves used in this study were Inoculated 
intranasally with the FSl-l Isolate using an atomizer described by 
Sinclair and Tamoglia (64). The virus had been passaged 18 times when 
the calves were inoculated. 
There were no clinical signs of illness until the fourth day 
after infection when calves 3 and 5 developed a temperature of 104.OF. 
On this day these two calves were obviously ill with Increased 
respiratory rates, anorexia, serous nasal discharge, dry muzzle, and 
malaise. The following day their temperatures had returned to near 
normal and, though they still showed signs of illness, they could have 
been missed without close observation. Calf 4 developed a slight 
temperature rise (102.4F) five days after infection. At this time 
it was anorectic but otherwise quite normal. The remaining calves 
(' and 2) did not develop increased temperatures nor did they exhibit 
any signs of i1Iness. 
Virus was recovered from only one calf (calf 4) on the sixth 
day after infection. 
The clinical and serological results of the experimental 
infection are summarized in Table 3. 
The hematological results are summarized in Table 4. The blood 
picture reveals two items of interest. All five calves showed an 
average decrease in the white blood cell count of 28 percent at some 
point from 3"^ days after infection. In addition, the three calves 
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that had c l inical  signs of i l lness had an average 69 percent 
relat ive increase in immature white blood cel ls,  whereas the two 
calves that had no signs of i l lness had a 55 percent relat ive 
decrease in the same cel l  type. 
Al l  f ive calves developed hyperemic nasal mucosae. The 
signif icance of this f inding is uncertain because of the twice 
dai ly nasal swabbing. 
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Fig. 1. Uninfected bovine embryonic kidney (GBK) cel ls after 36 hr.  
incubation, May-Grunwald-Giemsa stain. X250. 
Fig. 2. Cel ls (GBK) infected with bovine isolate FSl-1 after 3 da. 
incubation. Early syncyt ia -  dark staining cel ls ( lef t-
center) would appear granular unstained. X130. 
45 
Fig. 3. Cel ls (GBK) infected with FSl-1 after 5 da. incubation. 
Note large and smal l  syncyt ia. Cel ls in lower center 
exhibi t  spindl ing. X130. 
Fig. 4. Cel ls (GBK) infected with FSl-1 after 5 da. incubation. 
Numerous inclusions are present.  X250. 
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Fig. 5. Cel ls (GBK) infected with FSl-1 after 5 da. incubation. 
Sparse cel l  populat ion i l lustrates cel l  recrui tment for 
syncyt ia formation. X250. 
Fig. 6. Cel ls (GBK) infected with FSl-1 -  5 da. incubation. Note 
large syncyt ium with cytoplasmic strands. X400. 
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Fig. 7* Uninfected low passage bovine thyroid (IBThyr) cel ls 
after 36 hr.  incubation. X250. 
Fig. 8. Cel ls ( IBThyr) infected with FSl-1 after 5 da. incubation. 
Large, dark staining cel ls are bal looned cel ls.  Large 
syncyt ia wi th numerous inclusions present.  X250. 
48 
Fig. 9. Cel ls ( IBThyr) infected with FSl-1 after 3 da. incubation. 
Note cytoplasmic vacuoles and inclusions. X250. 
Fig. 10. Enlargement of  Fig. 9 
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Fig. 11. Cel ls (GBK) infected with FSl-1 after 30 hr.  incubation. 
Most cel ls show no evidence of infect ion but early syncyt ium 
formation can be seen in the upper r ight and in the center 
of  the photomicrograph. Acridine orange stain. X250. 
Fig. 12. Cel ls (GBK) Infected with FSl-1 after 3 da. Incubation. 
The syncyt ium in the center would appear as granular CPE 
in unstained preparat ions. Acridine orange. XI30. 
Fig. 13. Cel ls (GBK) infected with FSl-1 after 5 da. incubation 
with a large syncyt ium. Acridine orange. X250. 
Fig. 14. Cel ls (GBK) infected with FSl-1 after 7 da. incubation. 
The empty spaces in the cytoplasm are apparent ly 
inclusions. Acridine orange. X250. 
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Table 1. The Comparat ive Physical and Chemical Character ist ics of 
Bovine Isolate FSl-1 
Cri  ter ia FSl-1 
RS 
v i  rus^ P l -3b 
Entero-
virusC 
Rhino-
vi  rus^ IBR^ 
Chloro­
form 
sensi­
t iv i ty 
untreated 
treated 
3.5® 
0.0 
4.0 
0.0 
4.3 
0.0 
6.0 
6.2 
n.d.f  
n.d. 
n.d. 
n.d. 
Acid untreated 3.5 4.0 n.d. 6.0 3.3 n.d. 
sensi­
t iv i ty 
treated 1.2 1.8 n. d. 6.0 0.0 n.d. 
BUDR9 untreated 3.5 4.0 4.3 n.d. n.d. 7.0 
sens i -
t iv i ty 
treated 2.5 2.5 4.0 n.d. n.d. 0.0 
Part ic le untreated 3.5 4.0 n.d. n.d. n.d. n.d. 
size^ 0.45 u 3.0 2.0 n.d. n.d. n.d. n.d. 
0.20 u 0 . 0  0 . 0  i ' l  .  u .  M  .  U  .  i l . u .  n.d. 
^Respiratory syncyt ial  v irus (Long-KB6L2) American Type Culture 
Col lect ion 
^'Parainf luenza-],  reference virus, obtained from Veter inary 
Biologies Division (V.B.D.) U.S.D.A.,  Ames, Iowa 
^Reference enterovirus (LCR-4) and rhinovirus (FSI-43) obtained 
from Veter inary Medical Research Inst i tute (V.M.R.I.) ,  Ames, Iowa 
dInfect ious bovine rhinotracheit is v irus, reference strain 
(Cooper) obtained from V.B.D.,  Ames, Iowa 
^Infect ious virus t i ter expressed as 1og-lO TC^ID^p/ml 
^n.d. = not done 
^5"bromo-deoxyur i  di ne 
'^Nalgene Labware Division, Rochester,  N. Y. 
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Table 2. Ant igenic Relat ionship Between Bovine Isolate FSl-1 and 
a Human Respiratory Syncyt ial  Virus (Long Strain),  as 
Shown by Neutral izat ion Tests 
Rabbi t  Ant iserum 
Vi rus 
Long Strain FSl-
Rabbi  t  §]  (Long) 20483 64 
Rabbi t  §2  (Long) 2048 32 
Rabbi t  §\  (FSl-1) 64 512 
Rabb i  t  n  (FSl-1) 64 256 
^Neutral iz ing t i ter expressed as the reciprocal of that serum 
di lut ion reducing the plaque number by 50 percent.  
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Table 3.  Summary of  Resul ts of  Exper imental  Infect ion 
Serum ant ibody t i ter^ 
Pre- Post­
infect ion infect ion 
Calf  Max. Virus Cl in ical  30 60 
No. temp. recovery s igns days days 
] norm. - none neg. 512 512 
2 norm. - none neg. 512 512 
3 104.0 anorexia 
depress i  on 
nasal  d is­
charge 
6 128 128 
4 102.4 + anorexia 128 128 64 
5 104.2 - anorexia 128 256 1024 
charge 
^Serum ant ibody t i ter  expressed as the reciprocal  of  that  
serum di lut ion reducing the plaque number by 50 percent.  
Table 4.  Summary of  Hematological  Studies in Exper imental  Calves 
Time re la­
t ive to in-  Plasma 
feet  ion Band,  Seg.  pro-  F ibr lno-  Temp, 
(days)  PCV WBC ce l ls  cel ls  Lymph.te in gen C F 
Cal f  No.  
- I  24.5 4,000 14 11 74 5.  1 300 38.5 101.4 
0 27 6,500 17 26 57 5.  5 200 38.3 101.0 
+1 27 6,100 6 30 58 5.  3 300 38.8 102.2 
+2 27 5,600 10 22 68 5.  1 100 38.7 101 .8 
+3 27 5,670 4 10 82 5.  4 500 38.5 101.4 
+4 28 3,550 8 9 80 5.  5 500 38.8 102.0 
+5 27 5,000 14 6 77 5.  2 400 38.5 101.4 
+6 23 3,940 12 38 49 5.  2 400 38.5 101.4 
+8 30 6,600 12 51 31 5.  3 600 38.3 101 .0 
+12 27 4,200 - - - 5.  , 1  500 38.3 101.0 
Cal f  No.  
. & 
-1 27 6,600 12 13 73 4.  .7  200 38.7 101 .6 
0 27.5 6,200 8 19 70 5,  .2  300 38.3 101 .0 
+1 29 6,500 4 22 67 5,  .1  600 39.0 102.4 
+2 25 5,500 3 33 60 5.   1 400 38.8 102.0 
+3 26.5 4,230 8 39 50 5,  .4  800 39.0 102.4 
+4 28 3,230 11 13 68 5 .2  
o
 
o
 38.9 102.2 
+5 2/  j ,5uu 4 i  y5 5 .  j  5ÙÙ 3&9 102. j  
+6 28 5,050 4 16 80 5 .3  500 38.5 101 .4 
+8 30 5,600 5 10 84 5 .  6 900 39.5 102.8 
+ 12 25 4,100 - - - 5 .4 600 38.5 101.4 
Cal f  No.  3 
-1 30 5,800 11 7 81 5.  4 
O
 
o
 38.5 101 .  . 5  
0 29 5,800 9 19 72 4.  9 
O
 
O
 38.5 101 ,  4  
+1 - 6,300 2 34 63 - - 38.5 101 ,  ,  6  
+2 25 5,100 4 35 61 5.  ,2 200 38.9 102,  2 
+3 27 5,240 6 28 65 5.  , 1  200 39.7 103,  .4 
+4 31 5,390 6 1 :  78 5.  ,6 400 40.0 104,  .0  
+5 25 4,600 22 15 62 5.  ,2 500 39.1 102 .7 
+6 26 4,390 5 13 78 5.  ,2 500 38.8 102,  .0  
+8 29 6,700 8 35 55 5.  5 600 38.7 101 , .8  
+ 12 26 5,600 - - - 5,  .5 500 38.5 101 ,6 
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Table 4.  (cont inued) 
Summary of  Hematological  Studies in Exper imental  Calves 
Time rela­
t ive to in-  Plasma 
fect ion Band. Seg. pro- Fibr lno- Temp, 
(days) PCV WBC cel ls cel ls Lymph.tein gen C F 
Cal f  No. 4 
-1 32 6,800 8 5 86 5.6 600 38.7 101.8 
0 31 7,200 1 15 83 5.6 200 38.5 101.6 
+1 26 7,200 3 24 69 5.1 300 39.0 102.4 
+2 24 5,300 3 33 63 5.4 400 38.9 1 0 2 . 3  
+3 29 6,080 11 30 59 5.4 500 38.9 102.2 
+4 30 7,370 17 6 76 5.6 700 38.8 102.0 
+5 28 5,700 12 5 82 5.3 500 39.0 102.4 
+6 28 4,680 4 21 71 5.2 500 38.5 101.4 
+8 31 5,200 3 26 69 5.8 500 38.9 102.2 
+12 32 5,900 - •" - 5.8 400 38.8 102.0 
Cal f  No. 5 
-1 33 9,100 12 6 81 6.5 400 38.5 101.4 
0 22 9,800 14 34 51 6.5 500 38.5 101.4 
+1 27 9,300 5 16 76 5.4 400 38.7 101.8 
+2 29 8,000 1 9 88 5.6 500 39.1 102.6 
+3 2y.  i :  l i Vkq 28 15 56 c c 500 38.3 ! 0 2 .  ]  
+4 29 '  5[Ô67 14 27 56 6.0 600 40.0 104.0 
+5 28 6,400 9 13 77 5.6 B o o  39.0 102.4 
+6 28 6,250 0 14 84 5.6 600 38.3 101.0 
+8 31 8,200 2  29 68 6.1 B o o  38.9 101.3 
+12 26 6,800 - - 5.5 600 3 8 .4 101.2 
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Table 5.  A Serological  Survey of  Iowa Catt le for  Serum Neutral iz ing 
Ant ibodies Against  Bovine isolate FSl-1 
_ ,  Sero-
Sample §\  Sample §1 con-
pos. neg. pos. neg. versions'-
Animals wi th 3 7 ^ ^ 5 1 3 5 ( 4 9 )  50(70) 22(30) 62(43) 
respiratory disease 
Animals wi thout 37(98) 1(2) 
respiratory disease 
^Acute phase sample f rom animals wi th respiratory disease 
'^Convalescent phase sample f rom animals wi th respiratory disease 
^A seroconversion was indicated by at  least  a 4- fo ld r ise in 
ant ibody t i ter  
^Ant ibody t i ter  expressed as the reciprocal  of  the serum 
di lut ion which reduced the number of  plaques by 50 percent.  A 
posi t ive ant ibody t i ter  was considered to be 16 or  greater.  
^ D D r"(^nn +" r\ f r* t-r\ t i r\ 
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Table 6.  The Presence of  Serum Neutral iz ing Ant ibody Against  Bovine 
Isolate FSl-1 in a Herd that  had Exper ienced Annual 
Outbreaks of  Respiratory Disease (Albia Calves) 
Date serum sample taken 
Oct.  18,  1972 Jan. 12,  1973 Mar.  2,  1973^ 
Serocon-
pos.3 neg. pos. neg. pos. neg. versions' '  
Number of  0 20 0 20 20 0 20 
animals tested 
^Ant ibody t i ter  expressed as the reciprocal  of  the serum 
di lut ion which reduced the number of  plaques by 50 percent.  A 
posi t ive ant ibody t i ter  was considered to be 16 or  greater.  
^A respiratory disease outbreak occurred January 25, 1973-
^A seroconversion was indicated by at  least  a 4- fo ld r ise in 
ant ibody t i ter .  
Table 7* A Suin i r iary oT ObservdLiur ib uT Caivey Trui i i  w l i ic l i  FSi- l  was 
Iso lated 
Calf  Number Temperature (C) Cl in ical  s igns of  i l lness 
FSl-1 40.6 (105.OF) Nasal  d ischarge, 
Anorexia,  
r i i  i  d cough 
FSl-2 40.4 (104.8F) "  
FSl-3 39.8 (103.6F) "  
FSl-4 40.6 (105.OF) 
FSl-5 40.6 (105.OF) "  
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Table 8.  Serological  Study of  Calves f rom which FSl-1 was Isolated 
Ant ibody t i ter  
FSl-1 PI-3^ 
Cal f  Number Acute Convalescent Acute Convalescent 
FSl-1 16^ 64 64^ 128 
FS1-2 neg. 32 128 64 
FSl-3 32 128 64 512 
FSl-4 64 128 256 128 
FSl-5 
^PI-3 indicator v i rus strain obtained from Veter inary Biologies 
Div is ion,  U.S.D.A.,  Ames, Iowa 
^Sample taken at  t ime of  acute i l lness -  ant ibody t i ter  
expressed as reciprocal  of  serum di lut ion reducing plaque number by 
50 percent 
^Ant ibody t i ter  expressed as reciprocal  of  serum di lut ion that 
neutral ized 100 TCID^^ v i rus.  
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DISCUSSION 
The isolat ion of  the bovine isolate FSl-1 was a resul t  of  a 
cont inuing ef for t  at  th is laboratory (V.M.R.I . )  to isolate and 
ident i fy new agents involved in bovine respiratory disease. In the 
course of  the search for  new agents,  several  considerat ions relat ive 
to i t  have been brought into focus. 
One of  the most important considerat ions is  the select ion of  
animals to be sampled. The select ion of  animals very ear ly in a 
respiratory disease outbreak is  most important i f  one expects to 
recover v i ra l  agents.  From the c l in ical  h istory that was avai lable,  
i t  was apparent that  the herd from which FSl-1 was isolated was in 
the ear ly stages of  i l lness.  
A second important considerat ion is the method of  handl ing the 
nasal  secret ion sample once i t  is obtained. Slow f reezing and 
thawing is not conducive to successful  v i rus isolat ion at tempts.  In 
th is instance the nasal  secret ion samples were kept at  about 4C for  
1/2-1 hour af ter  which they were rapid ly  f rozen and stored at  -7OC. 
The 1/2-1 hour t ime interval  was the t ime necessary to obtain the 
samples and retutTi  Lo Li ie Iduoiatory.  
One consistent feature we have found wi th most new v i ra l  
isolates is the extended in i t ia l  incubat ion per iod.  This is  probably 
due to the low in i t ia l  t i ter  of  the v i rus in the sample,  a l though i t  
could also be due to the t ime necessary for  the v i rus to adapt to the 
cel l  type used for  isolat ion or possibly to jgA or  nonspeci f ic  
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inhibi tors in nasal  secret ions that  are di luted with passage. 
This leads to another important considerat ion in v i rus iso­
lat ion at tempts.  The select ion of  the cel l  type or types and 
growth condi t ions that  provide opt imal sensi t iv i ty for  v i ra l  repl i ­
cat ion is a necessary qual i f icat ion.  In th is regard,  i t  has been 
our exper ience that a young, act ively growing cel l  is  more 
important than the cel l  type. I t  was for  th is reason that  isolat ion 
at tempts,  as wel l  as most character izat ion tests,  were carr ied out by 
inoculat ing cel ls in suspension (67).  The procedure of  inoculat ing 
cel ls in suspension gives the v i rus,  in a short  t ime span, opt imal 
condi t ions for  product ion of  progeny v i rus.  Cel ls in suspension 
present maximal surface area for  v i rus absorpt ion and, as the cei ls 
set t le,  at tach, spread out,  and d iv ide,  the v i rus is presented wi th 
opt imal condi t ions for  at tachment,  penetrat ion,  and repl icat ion.  I t  
is aiso important Lnat Li ie cel l  type have a longevi ty under incu­
bat ion condi t ions suf f ic ient  to al low observat ion of  CPE before 
spontaneous degenerat ion supervenes. I t  was observed wi th FSl-1,  as 
wel l  as wi th other new isolates,  that  most cel l  types of  super ior  
longevi ty would al low repl icat ion of  the v i rus even though there might 
not  be much obvious CPE. As an example,  the low passage lung cel l  
( IBL) could be maintained for  more than 60 days wi th infrequent 
changes of  the maintenance medium and in ear ly passages the FSl-1 
isolate would show only focal  areas of  CPE and never involve the 
ent i re monolayer,  a l though v i rus could be recovered from supernatant 
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f lu ids for  extended per iods.  We have come to the conclusion that  
2-3 cel l  types would give the invest igator opt imum ef f ic iency in 
isolat ing new v i ruses. This is  not only because of  adequate sensi­
t iv i ty but i t  also al lows the t ime necessary to thoroughly examine 
samples dai ly for  minute changes that  so of ten are the only s ignal  that  
a cytopathic agent is  present.  
Observat ions in the ear ly isolat ion work wi th samples f rom the 
FSl- I  -  FSI -5  group of  calves were of ten confusing and d i f f icul t  to 
interpret .  The in i t ia l  CPE manifested by FSl-1 and FSl-4 were so 
a l ike that ,  except for  the hemadsorpt ion test ,  i t  was d i f f icul t  to 
conclude that  the two isolates were not ident ical ,  in th is regard 
the hemadsorpt ion test  has proven most useful  and re l iable in 
character izat ion studies.  Also,  the ear ly acid product ion was 
d i f f icul t  to explain.  In spi te of  intensive ef for ts i t  was impossible 
to isolate any mycuplabi i id Ttui i i  e i tner r3I - l  or rSl  4.  
The use of  t racheal  organ cul tures in an at tempt to enhance the 
v i rus t i ter  was a disappointment.  This,  however,  may not  be a resul t  
of  insensi t iv i ty of  the t racheal  epi thel ium to the v i rus but is  more 
l ikely a resul t  of  the labi l i ty  of  the v i rus at  incubat ion temperatures.  
I t  was a lso of  interest  that  the c i l ia on the t racheal  epi thel ium 
showed a marked decrease in act iv i ty 5~6 days af ter  inoculat ion of  the 
v i rus.  These studies should be repeated and i f  th is observat ion is 
consistent,  i t  could bear strongly on the study of  the pathogenesis of  
disease caused by the v i rus.  I t  is also interest ing that the t racheal  
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epithelium continued to produce virus for at least 40 days. Therefore, 
even though the organ cultures did not fulfi l l our expectations in 
increasing virus titer, they did provide an opportunity for obser­
vations worthy of further study. 
Efforts to increase the virus titer in other ways were uniformly 
unsuccessful. Various incubation temperatures, roller cultures, 
harvesting virus at various time intervals, and various concentrations 
of PCS were methods employed in an attempt to increase the virus titer. 
Another method used was to trypsinize the monolayer from a roller 
bottle at the time when about 25 percent of the cells showed indi­
cations of CPE, suspending the cells in the medium, and allowing them 
to reseed. Since most of the virus was shown to be strongly cell 
associated it was felt that the opportunity for cell-cell and thus 
cell-virus contact would be maximized in this fashion. This attempt 
to increase the v i rus t i ter  also fa i led.  There wi l l  be a cont inuinQ 
ef for t  to increase v i rus y ie ld in order to obtain a cel l - f ree virus 
suspension necessary for  cr i t ical  cross-neutral izat ion and compara­
t ive serological  studies. There are several  possible reasons why the 
v i rus t i ter  cannot be increased, but perhaps the most logical  one 
would take into account the labi l i ty  of  the v i rus at  incubat ion 
temperatures which, accompanied by a high proport ion of  incomplete 
v i rus part ic les,  would place an absolute l imi tat ion on v i rus y ie lds,  
regardless of  other c i rcumstances. I t  should be noted that  the human 
RS v i rus (Long strain),  once adapted to GBK cel ls,  would produce a 
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10-fold higher y ie ld than the bovine isolate wi th no d i f f icul ty.  
Some of  the changes that  occur in a monolayer of  cel ls infected 
wi th the bovine isolate FSl-1 are i l lustrated in the accompanying 
photomicrographs. I t  was impossible to depict  some of  the ear ly 
changes except in unstained monolayers and photographs of  repro­
ducible qual i ty showing these changes have not been obtained. 
However,  the important and obvious changes are i l lustrated in May-
Grunwald-Giemsa stained preparat ions in Fig.  1-10, and wi th acr id ine 
orange stained GBK cel ls in Fig.  11-14. 
As noted ear l ier ,  the densi ty of  the cel l  monolayer has a s ig­
ni f icant ef fect  on some of  the changes seen. In a cont iguous mono­
layer of  infected cel ls a granular CPE wi th bal looned cel ls and cel ls 
wi th contracted cytoplasm and pyknot ic nuclei  was a prominent feature.  
Syncyt ia in these areas tend to be smal ler  except in later stages 
of  infect ion.  In areas where cel ls are not so numerous there are 
larger syncyt ia wi th a def in i te tendency for  cel ls to be "recrui ted" 
to form syncyt ia.  Recrui tment of  cel ls is i l lustrated in Fig.  5.  
Also,  in less densely populated areas of  infected cel ls,  spindl ing 
of  cel ls and the presence of  long cytoplasmic processes become more 
obvious. 
As CPE progresses, the nuclei  in the larger syncyt ia tend to 
aggregate toward the center of  the syncyt ia l  mass. This is  i l lustrated 
in Fig.  3- I t  is only in late stages of  CPE that  pyknot ic nuclei  
are noted in syncyt ia.  
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The observat ion of  cytoplasmic inclusions has been of  major 
interest  and importance to many invest igators (4,  33» 39, 55).  
However, In our préparât Ions It is difficult to become convinced 
that inclusions noted are of viral origin. These inclusions are seen 
in Fig. 4 and 8. Some observers indicate that these inclusions do 
not contain nucleoprotein since they show up as empty spaces with 
acridine orange stained preparations as noted in Fig, 14 (55). It 
is not difficult to find what most would consider typical inclusions; 
however, there are gradations from these "typical" Inclusions to 
unquestionable artifacts or cell debris. These observations have 
been noted both In human RS virus and bovine RS virus infected cells. 
Studies using fluorescent antibody (FA) techniques indicate that 
focal areas of Intense cytoplasmic fluorescence appear at the same 
time that inclusions are noted In similar preparations with stains 
S ' jch as May-Grunv/a !d-Ç iemsa (45) ,  Therefore,  the inc lus ions notecl  are 
probably authentic. They could represent viral protein free of any 
nucleic acids. 
A methpd to determine serum antibody levels in animals to FSl-1 
was developed only after extensive efforts. The conclusion >«'^s 
reached that the cell association of FSl-1 precluded any serum 
neutralization test other than using a plaque reduction technique 
similar to that described by Kisch and Johnson (44). This method 
produced the most consistent results; however, i t appears that unless 
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a v i rus stock can be produced of  adequate t i ter  and devoid of  cel l  
debr is,  serum neutral izat ion tests wi l l  of ten be errat ic.  
The character ist ics of  FSl-1 summarized in Table 1 p lace i t  in 
the paramyxovirus group. Other unique features,  including a lack of  
hemadsorbing or  hemagglut inat ing capabi l i ty ,  tend to keep respiratory 
syncyt ia l  v i ruses in a category of  their  own. 
The chloroform test  for  the presence of  essent ia l  l ip id is rapid 
and ef f ic ient .  There is  good correlat ion between the ether test  and 
the chloroform test  (22),  From the resul ts of  th is test ,  the bovine 
isolate c lear ly possesses essent ia l  l ip id.  
I t  is also obvious that  FSl-1 is  sensi t ive to low pH. This 
test  is  not always as c lear-cut  as descr ibed in the l i terature.  
Control  v i ruses must be chosen wi th care s ince some v i ruses c lassi f ied 
as being sensi t ive to low pH are not,  or  at  best g ive var iable resul ts.  
! t  appears that  the test  for  sensi t iv i ty to low pH is  pr imari ly sui ted 
to separate rhinoviruses from enteroviruses. 
The nucleic acid type of  FSl-1 was determined by using BUDR, a 
thymidine analog which is  incorporated into the deoxyr ibonucleic 
acid (DNA) of  the cel l  and of  any DNA containing v i rus,  thus blocking 
v i ra l  repl icat ion.  A v i rus containing r ibonucleic acid (RNA) 
would not be af fected since thymidine is not essent ia l  to i ts  
repl icat ion.  The bovine isolate,  FSl-1,  was decreased substant ia l ly  
in t i ter  fol lowing the use of  BUDR, but  af ter  numerous tests,  i t  
was determined that  the reduct ion in t i ter  was not due to a d i rect  
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effect  of  BUDR. Since BUDR interrupts normal cel l  DMA synthesis,  
and, knowing the labi l i ty  and cel l  associat ion of  FSl-1,  i t  was 
concluded that  these factors together were suf f ic ient  to account 
for  the decrease in v i rus t i ter .  I t  was for tunate that s ince the 
control  DNA v i rus ( IBR) was completely inhibi ted a judgment could 
be made that  FSl-1 d id,  in fact ,  contain RNA as indicated by less 
than a 2- log reduct ion in t i ter  in the presence of  BUDR. Ear l ier  
at tempts to obtain informat ion as to the type of  nucleic acid in 
FSl- i  were made wi th the acr id ine orange staining technique. However,  
th is test  proved to be completely unrel iable even wi th known control  
v i  ruses. 
A study to determine the approximate s ize of  FSl-1 by u l t ra­
f i l t rat ion studies was undertaken in the face of  ant ic ipated problems. 
By th is t ime the labi l i ty  and cel l  associat ion of  FSl-1 were wel l  
recognized. However,  resul ts obtained as noted in Table 1 are in 
agreement wi th observat ions of  others (55).  
In order to designate the new isolate,  FSl-1,  as a bovine 
respiratory syncyt ia l  v i rus,  i t  must show a c lose ant igenic re lat ion­
ship to the human RS v i rus and yet  be unquest ionably of  bovine 
or ig in (33, 55).  Cross-neutral izat ion tests wi th rabbi t  ant iserum 
to both the bovine and human isolates as summarized in Table 2 
indicate the ant igenic s imi lar i ty between the two v i ruses. There 
is  also a c lear indicat ion that the two isolates are not ident ical .  
Proof that  FSl-1 is  of  bovine or ig in comes f rom several  sources. 
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Kapîkian, et  a l .  have agreed that ,  in the case of  human rh inoviruses, 
an isolate could be considered of  human or ig in i f  there was a 4- fo ld 
or greater r ise in neutral iz ing ant ibody to the isolate in the con­
valescent serum from the pat ient  f rom whom the isolate was recovered 
(41).  I f  th is arbi t rary rule could be appl ied to the bovine RS v i rus,  
the neutral iz ing ant ibody in the animal f rom which FSl-1 was isolated 
shows a 4- fo ld r ise as indicated in Table 8.  
Serological  studies,  especial ly as noted in Tables 5 and 6,  
would g ive addi t ional  evidence as to the bovine or ig in of  FSi- i .  
The percentage of cat t le,  wi th or wi thout respiratory disease, that  
showed serological  evidence of  exposure to FSl-1,  or  to an ant i -
genical ly s imi lar  v i rus,  provides addi t ional  proof of  i ts  bovine 
or ig in,  in addi t ion,  the seroconversions noted in Tables 5 and 6 
provide not only evidence as to the bovine or ig in of  FSl-1,  but a lso 
give some indicat ion that  i t  could be involved in the pathogenesis 
of  some bovine respiratory disease outbreaks. 
The observat ion that  respiratory syncyt ia l  v i ruses are not 
unique in their  syncyt ium-producing capabi l i ty  would pose the 
quest ion as to what ant igenic relat ionship the bovine isolate might 
have to other v i ruses of  bovine or ig in known to produce syncyt ia,  
i t  was part icular ly important to determine i f  any ant igenic relat ion­
ship existed between FSl-1 and FSl-4 s ince their  in i t ia l  cytopathic 
character ist ics were so s imi lar .  Many PI-3 isolates of ten produce 
syncyt ia,  especial ly in ear ly passage. Also,  the v i rus descr ibed by 
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Malmquist ,  et  a l .  consistent ly produces syncyt ia in cel l  cul ture (50).  
The resul ts of  neutral isat ion tests wi th reference strains of  Pi-3 
and wi th FSl-4 indicated that  there was no ant igenic relat ionship 
exist ing between FSl-1 and these v i ruses. Ant iserum to the bovine 
syncyt ia l  v i rus would not neutral ize the bovine Isolate,  FSl-1.  
Attempts to Infect  hamsters wi th the bovine respiratory syncyt ia l  
Isolate met wi th fa i lure.  Studies of  others in hamsters,  wi th 
temperature-sensi t ive mutants of  the human RS v i rus,  appeared to 
be qui te successful  (74).  I t  was therefore disappoint ing that  the 
bovine Isolate did not appear to repl icate In any respiratory t issues 
of  the hamsters as determined by re- lsolat lon at tempts and sero­
logical  studies.  Addi t ional  t r ia ls with a h igher t i tered virus may 
be successful .  The hamsters would be an excel lent  laboratory model 
i f  they could be infected wi th the v i rus.  
There appears to be an over-emphasis by some on the abi l i ty  of  
any new agent to produce i l lness in calves.  This Is understandable,  
part icular ly i f  prevent ion of  bovine respiratory disease Is the 
invest igators '  goal .  However,  I t  must be kept in mind that  any 
laboratory manipulat ion of  a new v i rus isolate could a l ter  i ts  
pathogenic capabi l i ty .  Therefore,  i t  was not expected that  the 
bovine isolate would produce a fu lminat ing infect ion in exper i ­
mental ly infected calves.  The expectat ions wi th FSl-1 were that  the 
v i rus would infect  the calves,  repl icate,  and be shed so that  I ts 
recovery f rom nasal  secret ions could be accompl ished. 
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The exper imental  calves were a l l  considered to be colostrum 
depr ived. Calves 1 and 2 def in i te ly did not receive colostrum. 
Calves 3> 4,  and 5 were thought to be colostrum depr ived s ince they 
were taken from their  dams short ly af ter  b i r th.  I t  is apparent that  
a l l  three calves must have received some colostrum. A later check of  
the serum ant ibody level  of  the dams of  calves 3~5 proved that  at  the 
t ime of  calv ing they a l l  possessed a high ant ibody t i ter  against  FSl-1.  
This was certainly unexpected s ince at  th is t ime the wide-spread 
occurrence of  ant ibody to the bovine isolate had not been determined. 
However,  the fact  that  calves 3"5 had serum neutral iz ing ant ibody to 
the bovine RS v i rus may have been as for tu i tous as i t  was unexpected, 
s ince these three calves were the only ones to show any s igns of  
c l in ical  i l lness.  The presence of  humoral  ant ibody in humans, 
especial ly in infants and chi ldren, wi thout local  secretory ant ibody 
is somehow l inked to the more severe manifestat ions of  respiratory 
disease (4]) .  
The nature and the extent of  the response to exper imental  
infect ion in the f ive calves are summarized in Tables 3 and 4.  There 
is  certainly no indicat ion that the v i rus precipi tated a severe 
c l in ical  i l lness.  However,  there are aspects of  the data that  are 
worthy of  at tent ion.  The temperature response in even the obviously 
i l l  calves was not remarkable.  This has also been the observat ion in 
human i l lness with RS v i rus (10, 12, 13).  I f  the basic steps in the 
pathogenesis of  severe c l in ical  i l lness in humans is  due to some form 
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of a l lergic react ion as suggested by some, the temperature response 
would probably not be a major factor (24).  
Since the c l in ical  manifestat ions of  i l lness were not s igni f icant 
enough in any cal f  to just i fy k i l l ing i t  for postmortem examinat ion,  
any speculat ions relat ive to histopathological  changes wi l l  not be 
considered. Future studies wi th the bovine isolate in combinat ion 
wi th other agents should provide suf f ic ient  mater ia l  for  histopatho­
logical  studies.  
Virus infect ions are c lassical ly l inked wi th a leukopenia.  This 
was noted in a l l  f ive calves subsequent to exper imental  infect ion as 
indicated in Table 4.  Th?. leukopenia was not  marked but was wel l  
below the range expected in young animals (63).  There was a lso a shi f t  
to the lef t  in calves 3,  4,  and S, but,  again,  i t  was not  marked. The 
leukopenia and lef t  shi f t  would indicate,  however,  that  the calves 
were exper iencing an act ive infect ion.  The p lasma pro Le in  and 
f ibr inogen levels were measured and, as Table 4 indicates,  the 
var iabi l i ty  would hardly al low any conclusion to be drawn. 
The recovery of  the v i rus from only one cal f  when apparent ly a l l  
f ive were infected was d isturbing. In t r ia ls wi th the human v i rus,  
i t  was not  unusual  to recover v i rus from a low percentage of  those 
infected (3,  9,  10).  I t  may be that  nasal  washings would be more 
ef f ic ient  in vi rus recovery at tempts.  
In Table 5 a summary of  a serological  survey to determine the 
incidence of  serum neutral iz ing ant ibody to a bovine RS v i rus produced 
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evidence of exposure to the virus of totally unexpected proportions. 
It must be kept In mind, however, that the close antigenic relation­
ship between the human RS virus and the bovine counterpart could 
Influence to a great degree any conclusion that might be reached 
relative to the Importance of bovine RS virus in bovine respiratory 
disease. It would seem imperative, therefore, that comparative 
serological studies be continued since the natural history of 
disease due to a respiratory syncytial virus is Important in 
human as well as in bovine respiratory disease. 
The resul ts of  serum neutral izat ion tests on the Albia calves 
as summarized in Table 6 g ive strong support  to the assumption that  a 
bovine RS virus could be involved in respiratory disease, perhaps even 
as the inci t ing agent,  i t  was considered that  i f  i t  were possible to 
isolate a v i rus from any group of  calves,  there should have been an 
isolat ion from this one s ince the t ime of  samnl ing,  the hanci l ing of  
the samples,  the numéro's cel l  types employed, and the cul tar ing of  
buffy coat cel ls seemed to provide opt imum condi t ions for  v i rus iso­
lat ion.  i f  a bovine RS v i rus was involved in the outbreak, i t  is 
understandable,  wi th our present knowledge re lat ive to the labi l i ty  
of  the bovine i^oiate,  tnat  no v i rus recovery was made. Af ter  the 
discovery of  t . i -^  dramat ical ly uni form seroconversions in the calves 
tested, the conclusion vps  reached that  fur ther serological  tests in 
th is herd could provide data for  an epizoot io logical  study of  
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considerable s igni f icance. A project  wi th these considerat ions in 
mind is  in progress at  the present t ime. 
A summary of clinical findings 'n calves FSl-1 - FS1-5 in 
Table 7 provides only a fraction of the information that would be 
desirable to give a clear picture of the outbreak and its conse­
quences. The only conclusion to be drawn from the information 
available is that the calves were obviously experiencing an 
outbreak of respiratory disease. 
Table 8,  showing the resul ts of  a serological  study of  the 
calves from which FSl-1 was isolated, presents an interest ing yet 
confusing picture.  I t  would seem evident that  the bovine RS isolate 
was involved in the i l lness of  a l l  of  the four calves tested. 
However,  the ant ibody t i ters were not as high as those in other 
calves,  including the Albia calves.  The serum ant ibody t i ters to 
r l -3.  in addi t ion to isolat ion of  PI-}  f rom F51-4,  would indicate 
that  perhaps th is v i rus was more than just  casual ly involved. There 
was only one seroconversion to PI-3 (FSI-3);  therefore,  i t  must be a 
matter of  conjecture whether or  not PI-3 was a s igni f icant factor in 
th is outbreak. 
A review of  the resul ts and observat ions presented would indicate 
that  the character ist ics of  the bovine isolate FSl-1 are those of  a 
respiratory syncyt ia l  v i rus and that  there is suf f ic ient  evidence that  
i t  is of  bovine or ig in.  The s igni f icance of  the new isolate as a 
pathogen must await  fur ther study. 
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SUMMARY 
A search for  new agents involved in the bovine respiratory disease 
complex resul ted in the isolat ion of  a v i rus (FSl-1) f rom a herd of  Iowa 
cat t le wi th acute respiratory disease. The bovine v i rus was shown to be 
c losely related to a human respiratory syncyt ia l  v i rus (Long strain) 
ant igenical ly as wel l  as in other b io logical  character ist ics such as 
i ts  preferent ia l  syncyt ium format ion in only certain cel l  types and in 
the product ion of  intracytoplasmic inclusions. 
Physical  and chemical  character izat ion studies of  the v i rus 
establ ished that i t  contained essent ia l  l ip id,  r ibonucleic acid,  was 
sensi t ive to low pH, and was approximately 150 nm in diameter.  These 
character ist ics placed the new isolate in the paramyxovirus group. A 
c lear designat ion of  the v i rus as a paramyxovirus is  clouded by i ts  
inabi l i ty  to cause hemadsorpt ion in infected cel ls.  In th is respect 
i t  also resembles the human RS v i rus.  
The bovine or ig in of  the new isolate was establ ished by cross-
neutral izat ion tests using rabbi t  ant iserum against  the human and 
bovine v i ruses. Addi t ional  proof as to the bovine or ig in of  FSl-1 
was obtained by showing a r ise in serum ant ibody t i ter  to the v i rus 
of  the animal f rom which i t  was isolated as wel l  as by the serocon­
version of  other animals in the same herd.  
The wide-spread exposure of  cat t le to the bovine isolate or to 
an ant igenical ly s imi lar  v i rus was establ ished by s igni f icant ant ibody 
t i ters to the v i rus in widely separated (owa herds wi th and wi thout 
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respiratory disease. The possibility of the virus being a cause of 
some bovine respiratory disease outbreaks was indicated by universal 
seroconversions in a herd with respiratory disease (Albia calves). 
The bovine RS v i rus was shown to be capable of  infect ing young 
calves.  The calves had an increased temperature,  a leukopenia,  and 
3 of  5 calves exhibi ted v isual ly recognizable s igns of  i l lness.  The 
v i rus was recovered f rom one of  the exper imental ly infected calves.  
The resul ts of  character izat ion studies,  cross-neutral izat ion 
tests,  a serological  survey, and exper imental  infect iv i ty t r ia ls 
provide suf f ic ient  evidence that  the bovine isolate can be considered 
a bovine representat ive of  a respiratory syncyt ia l  v i rus.  
75 
BIBLIOGRAPHY 
1.  Armstrong, J.  A. ,  H. G. Pereira,  and R. C. Valent ine.  1962. 
Morphology and development of  respiratory syncyt ia l  v i rus 
in cel l  cul tures.  Nature 169: 1179-1181. 
2.  Beem, M. 0.  I967. Repeated infect ions wi th respiratory 
syncyt ia l  v i rus.  J.  Immunol.  98:  1115-1112. 
3.  Beem, M.,  F.  H. Wright,  D. Hamre, R. Egerer,  and M. Oehme. I96O. 
Associat ion of  the chimpanzee coryza agent wi th acute 
respiratory disease in chi ldren. New Eng. J .  Med. 263: 
523-530. 
4.  Bennett ,  R. C.,  and D. Hamre. 1962. Growth and serological  
character ist ics of  respiratory syncyt ia l  v i rus.  J.  infect .  
Dis.  110:  8-16.  
5.  Berthiaume, L. ,  J.  Joncas, G. Boulay,  and V. Pavi lanis.  1973-
Serological  evidence of  respiratory syncyt ia l  v i rus infect ion 
in sheep. Vet.  Rec. 89:  337-338. 
6.  Bloth,  B. ,  A. Espmark,  E.  Norrby,  and S. Gard. 1963. The u l t ra-
structure of  respiratory syncyt ia l  v i rus.  Arch. Gesamte 
Vi rusforsch.  13:  582-586.  
7.  Bloth,  B. ,  and E. Norrby.  I965.  Morphology of  subuni ts  of  
respi ratory syncyt ia l  v i rus.  Arch.  Gesamte Vi rusforsch.  
15: 249-252. 
8.  Bloth,  B. ,  and E.  Norrby.  1967.  Electron microscopic analys is  
of  the internal  components of  respiratory syncyt ia l  v i rus.  
Arch. Gesamte Virusforsch. 21: 71-77. 
9.  Brandt,  C. D.,  H. W. Kim, J.  0.  Arrobio,  B. C. Jef f r ies,  S. C. 
Wood, R. M. Chanock, and R. H. Parrot t .  1973- Epidemiology 
of  respiratory syncyt ia l  v i rus infect ion in Washington, D.C. 
I I I .  Composi te analysis of  eleven consecut ive year ly epidemics.  
Am. J .  Epidemiol .  98:  355-364. 
10. Chanock, R.,  and L.  Finberg.  1957- Recovery f rom infants wi th 
respiratory i l lness of  a v i rus related to chimpanzee coryza 
agent (CCA).  I  I .  Epidemiologic aspects of  infect ion in 
infants and young chi ldren.  Am. J .  Hyg.  66:  29I-3OO. 
76 
11. Chanock, R. M.,  A. Z.  Kapik ian, J.  Mi l ls ,  W. H. Kim, and R. H. 
Parrot t .  1970. Inf luence of  immunological  factors in 
respiratory syncyt ia l  v i rus disease. Arch. Environmental  
Heal th 21: 347-355. 
12. Chanock, R. ,  H. W. Kim, A. J.  Vargosko, A. Deleva, K. Johnson, 
C. Gumming, and R. H. Parrot t .  I96I .  Respiratory syncyt ia l  
v i rus.  I .  Virus recovery and other observat ions dur ing I960 
outbreak of  bronchiol i t is ,  pneumonia,  and minor respiratory 
diseases in chi ldren. J.  Am. Med. Assoc. I76:  647-653. 
13. Chanock, R. M.,  B. Roizman, and R. Myers.  1957. Recovery f rom 
infants wi th respiratory i l lness of  a v i rus related to 
chimpanzee coryza agent (CCA).  I .  Isolat ion,  propert ies,  
and character izat ion.  Am. J .  Hyg. 66:  281-290. 
14. Coates,  H. V. ,  D. W. Ai l ing,  and R. M. Chanock. I966.  An 
ant igenic analysis of  respiratory syncyt ia l  v i rus isolates by 
a plaque reduct ion neutral izat ion test .  Am. J .  Epidemiol .  
83: 299-313. 
15. Coates,  H. V. ,  and R. M. Chanock. 1962. Exper imental  infect ion 
wi th respiratory syncyt ia l  v i rus in several  species of  animals.  
Amr J .  Hyg. 76:  302-312. 
16. Coates,  H. V. ,  L.  Kendr ick,  and R. M. Chanock. I963. Ant igenic 
di f ferences between two strains of  respiratory syncyt ia l  v i rus.  
Proc.  Soc. Exp. Biol .  Med. 112: 958-964. 
1 7 .  Compans, R. W . ,  D. H .  b a r t e r ,  a n d  P .  W .  C h o p p i n .  1 9 6 7 -  S t u d i e s  
on pneumonia v i rus of  mice (PVM) in cel l  cul ture.  I I .  Structure 
and morphogenesis of  the v i rus part ic le.  J.  Exp. Med. 126: 
267-276. 
18.  D e r m o t t ,  E . ,  J .  K .  C l a r k e ,  a n d  J .  S a m u e l s .  1 9 7 1 -  T h e  
morphogenesis and c lassi f icat ion of  bovine syncyt ia l  v i rus.  
J.  Gen. Virol .  12: 105-119. 
19.  Doggett ,  J .  E. ,  D. Taylor-Robinson, and R. G. C. Gal lop.  I968.  
A study of  an inhibi tor  in bovine serum act ive against  
respiratory syncyt ia l  v i rus.  Arch. Gesamte Virusforsch. 
23: 126-137. 
20. Eagle,  H. 1971. Buffer combinat ions for  mammal ian cel l  
cul tures.  Science New York 174: 500-503. 
21.  Eckert ,  E. A . ,  H. F.  Maassab, and J.  J.  Caval laro.  I965. Inner 
component of  respiratory syncyt ia l  v i rus.  J.  Bacter io l .  
90:  1784-1785. 
77 
22. Feldman, H. A. ,  and S. S. Wang. 1961. Sensi t iv i ty of  var ious 
v i ruses to chloroform. Proc.  Soc. Exp. Biol .  Med. 106: 
736-738. 
23.  Frey,  M. L.,  G. B.  Thomas, and P. A. Hale.  1973. Recovery and 
ident i f icat ion of  mycoplasmas f rom animals.  Ann. N. Y.  
Acad. Sci .  in press.  
24. Gardner,  P. S. ,  J.  McQui l l in,  and S. DM. Court .  1970. Specu­
lat ion on pathogenesis in death f rom respiratory syncyt ia l  
v i rus infect ion.  Br.  Med. J .  1:  327-330. 
25. Gharpure,  M. A. ,  P. F.  Wright,  and R. M. Chanock. 1969. Temper­
ature sensi t ive mutants of  respiratory syncyt ia l  v i rus.  
J.  Virol .  3:  414-421. 
2 6 .  Gambl ing, M. H. 1964. Survival  of  the respiratory syncyt ia l  
v i rus dur ing storage under var ious condi t ions.  Br.  J.  Exp. 
Pathol. 45: 647-655. 
27. Hambl ing,  M. H. 1964. A survey of  ant ibodies to respiratory 
syncyt ia l  v i rus in the populat ion.  Br.  Med. J .  1:  1223-1225. 
2 8 .  Hamparian, V. V. ,  M. R. Hi l leman, and A. Ket ler .  I 9 6 3 .  Contr i ­
but ions to character izat ion and c lassi f icat ion of  animal 
v i ruses. Proc.  Soc. Exp. Biol .  Med. 112: 1040-1050. 
29.  Harter,  D. H. ,  and P. W. Choppin.  1967. Studies on pneumonia 
v i rus of  mice in cel l  cul ture.  1.  Repl icat ion in baby hamster 
k idney cel ls and propert ies of  the v i rus.  J.  Exp. r ied,  126: 
2 5 1 - 2 6 6 .  
3 0 .  Hornsleth,  A. 1966. Accelerat ion of  the growth of  respiratory 
syncyt ia l  v i rus by prof lavine. J.  Path.  Bact.  92:  210-217-
31. Hotchin,  J.  E. ,  R. Deibel ,  and L.  M. Benson. I 9 6 O .  Locat ion of  
non-cytopathic myxovirus plaques by hemadsorpt ion.  Virology 
10: 275-280. 
32. Hsiung, G. D. 1965. Use of  u l t raf i l t rat ion for animal v i rus 
grouping. Bacter id.  Rev. 29:  477-486. 
33. inaba, Y. ,  Y. Tanaka, T,  Omori ,  and M. Matumoto. 1970. Isolat ion 
of  bovine respiratory syncyt ia l  v i rus.  Jap. J.  Exp. Med. 
40:  473-474. 
78 
34. I  to,  Y.,  Y. Tanaka, Y. Inaba, and T.  Omori .  1973. Structure of  
bovine respiratory syncyt ia l  v i rus.  Arch. Gesamte Virusforsch. 
40: 198-204. 
35. Jacobs, J.  W.,  and N. Edington. 1971. Isolat ion of  respiratory 
syncyt ia l  v i rus from cat t le in Br i ta in.  Vet.  Rec. 88:  694. 
36. Johnson, K. M.,  H. H. Bloom, M. A. Mufson, and R. M. Chanock. 
1962. Natural  re infect ion of  adul ts by respiratory syncyt ia l  
v i rus.  Possible re lat ion to mi ld upper respiratory disease. 
New Eng. J .  Med. 267: 68-72. 
37. Johnson, K. M. ,  R. M. Chanock, D. Ri fk i r .d,  H. M. Kravetz,  and V. 
Knight.  I 9 6 I .  Respiratory syncyt ia l  v i rus.  IV.  Correlat ion 
of  v i rus shedding, serologic responses, and i l lness in adul t  
v o l u n t e e r s .  J .  A m .  M e d .  A s s o c .  I 7 6 :  6 6 3 - 6 6 7 .  
3 8 .  Joncas, J . ,  L.  Berthiaume, and V. Pavi lanis.  I969. The structure 
of  the respiratory syncyt ia l  v i rus.  Virology 38: 493-496. 
39. Jordan, W. S.  1962. Growth character ist ics of  respiratory 
syncyt ia l  v i rus.  J.  immunol.  88:  531-590. 
40. Kapik ian, A. Z. ,  J.  A. Bel l ,  F.  M. Mastrota,  K. M. Johnson, 
R. J .  Huebner,  and R. M. Chanock. I 9 6 I .  An outbreak of  
febr i le i l lness and pneumonia associated wi th respiratory 
syncyt ia l  v i rus infect ion.  Am. J .  Hyg. 74:  234-248. 
41. Kapik ian, A. Z . ,  R .  M .  Conant,  V .  V .  H a m n a r i a n .  R .  M .  C h a n o c k .  
P. J.  Chappie,  E. C. Dick,  J.  D. Renters,  J.  M. Gwaltney, 
D. Hamre, J.  C. Holper,  W. S.  Jordan, E. H. Lennette,  J.  L.  
Melnick,  W. J .  Mogabgab, M. A.  Mufson, C. A.  Phi l l ips,  J.  H. 
Schieble,  and D. A.  J .  Tyrrel l .  I967. Rhinoviruses, a 
numbering system. Nature 213: 701-763. 
42. Kapik ian, A. Z. ,  R. H. Mi tchel l ,  R. M. Chanock, A. Shvedoff ,  and 
C. E.  Stewart .  1969- An epidemiological  study of  a l tered 
c l in ical  react iv i ty to respiratory syncyt ia l  v i rus infect ion 
in chi ldren previously vaccinated wi th an inact ivated RS 
v i rus vaccine. Am. J .  Epidemiol .  89:  405-421 
43. Kim, H. W.,  J .  G. Canchola,  C. D. Brandt,  G. Pylese, R. M. 
Chanock, K. Jensen, and R. H. Parrot t .  I969. Respiratory 
syncyt ia l  v i rus disease in infants despi te pr ior  adminis­
t rat ion of  ant igenic inact ivated vaccine. Am. J .  Epidemiol .  
89:  422-434. 
79 
44. Kisch, A. L. ,  and K. M. Johnson. 1963. A p laque assay for  
respiratory syncyt ia l  v i rus.  Proc.  Soc, Exp. Biol .  Med. 
112: 583-589. 
45. Kisch, A. L. ,  K. M. Johnson, and R. M. Chanock. 1962. Immuno­
f luorescence wi th respiratory syncyt ia l  v i rus.  Virology 
16: 177-189. 
46.  Lewis,  F.  A. ,  M. L.  Rae, N. I .  Lehmann, and A. A. ferr is.  1961. 
A syncyt ia l  v i rus associated wi th epidemic disease of  the 
lower respiratory t ract  in infants and young chi ldren. Med. 
J .  Aust.  48:  932-933. 
47. Ket ler ,  A. ,  V. V. Hamparian, and M. P..  Hi l leman. 1962. 
Character izat ion and c lassi f icat ion of  ECHO 28 rh inovirus 
coryzavirus agents.  Proc.  Soc. Exp. Biol .  Med. 110: 821-831. 
48. Kravetz,  H. M.,  V. Knight,  R. M. Chanock, J .  A. Morr is,  K. M. 
Johnson, D. Ri fk ind,  and J.  P. Utz.  I 9 6 I .  Respiratory 
syncyt ia l  v i rus.  I I I .  Product ion of  i l lness and c l in ical  
o b s e r v a t i o n s  i n  a d u l t  v o l u n t e e r s .  J .  A m .  M e d .  A s s o c .  I 7 6 :  
657-663. 
49. Lundgren, 0.  L. ,  M. G. Magnuson, and W. E.  Clapper.  I969. A 
serological  survey in dogs for  ant ibody to human respiratory 
v i ruses. Lab. Anim. Care 19: 352-359. 
50. Malmquist ,  W. A. ,  M. J .  Van Der Maaten, and A. D. Booth.  I969. 
isolat ion,  immunodif fusion, immunof luorescence, and electron 
microscopy of  a syncyt ia l  v i rus of  lymphosarcomatous and 
apparent ly normal cat t le.  Cancer Research 29: 188. 
51. Mi l ls ,  J.  v . ,  J. E. Van Kirk,  P. F.  Wright,  and R. M. Chanock. 
1971. Exper imental  respiratory syncyt ia l  v i rus infect ion in 
adul ts.  Possible mechanism of  resistance to infect ion and 
i l lness.  J.  Immunol.  107: 123-130. 
5 2 .  Moehring, J.  M .  and B. R. Forsyth.  1971. The ro le of  the 
interferon system in respiratory syncyt ia l  v i rus infect ions.  
Proc.  Soc. Exp. Biol .  Med. I38:  1002-1014. 
53. Morr is,  A .  J . ,  R. E.  Blount,  and R. E.  Savage. 1956. 
Recovery of  cytopathogenic agent f rom chimpanzee wi th 
coryza. Proc.  Soc. Exp. Biol .  Med. 92;  544-549. 
80 
54. Norby,  E. ,  H. Marusyk, and C. Orvel l .  1970. Morphogenesis of  
respiratory syncyt ia l  v i rus in green monkey k idney cel l  l ine 
(Vero).  J.  Virol .  6:  2)7-242. 
55. Paccaud, M. F. ,  and C. Jacquier.  1970. A respiratory syncyt ia l  
v i rus of  bovine or ig in.  Arch. Gesamte Virusforsch. 30: 
327-342. 
56. Parrot t ,  R. H. ,  A. J.  Vargosko, H. W. Kim, C. Gumming, H. Turner,  
R. J .  Huebner,  and R. M. Chanock. I 9 6 I .  Respiratory syncyt ia l  
v i rus.  I I .  Serologic studies over a 34 month per iod of  
chi ldren wi th bronchiol i t is ,  pneumonia,  and minor respiratory 
diseases. J.  Am. Med. Assoc. 176: 653-657. 
57.  Pol lard,  M.,  and T.  J.  Starr .  I 9 6 2 .  Study of  intracel lu lar  
v i rus wi th acr idIne orange f1uorochrome. Prog. Med. Virol .  
4:  54-69. 
5 8 .  Rangan, S.  R. S. ,  P. J .  Ueberhorst ,  and M. C. Wong. 1973. 
Syncyt ia l  g iant  cel l  focus assay for  v i ruses der ived from 
fe l ine leukemia and a s imian sarcoma. Proc.  Soc. Exp. Biol .  
Med. 142: 1077-1082. 
59.  Reed, L.  J . ,  and H. Muench. 1938. A s imple method of  est i ­
mat ing f i f ty  per cent endpoints.  Am. J .  Hyg. 27:  493-497-
60. Richman, A. V. ,  and N. M. Tauraso. 1971. Growth of  respiratory 
syncyt ia l  v i rus in suspension cul ture.  Appl .  Microbiol .  
22:  1123-1125. 
61.  Ri fk ind,  D. j  and J.  P. Utz.  1961. Respiratory syncyt ia l  
v i rus.  I I I .  Product ion of  i l lness and c l in ical  observat ions 
In adul t  volunteers.  J.  Am. Med. Assoc. 176: 657-663. 
6 2 .  Rlnaldini ,  L.  M. 1959. An improved method for  the isolat ion 
and quant i tat ive cul t ivat ion of  embryonic cel ls.  Exp. Cel l .  
Res. 16:  477-505. 
6 3 .  Schalm, 0.  W. 19&5. Veter inary hematology. 2nd ed. Ch. 4.  
Lea & Febiger,  Phi ladelphia,  Pa. 
64.  Sinclair ,  L.  R.,  and T.  W ,  Tamogl ia.  1972. Intranasal  
administrat ion of  v i ru lent v i ruses to cat t le,  wi th a gas-
powered atomizer.  Am. J .  Vet.  Res. 33:  2085-2086. 
65.  Suto,  T. ,  N. Yano, M. Ikeda, M. Miyamoto, S. Takai ,  S. Shigeta,  
Y. Hinuma, and N. Ishida. Respiratory syncyt ia l  v i rus 
infect ion and i ts  serologic epidemiology. Am. J .  
Epidemiol .  82:  211-224. 
81 
66. Taylor-Robinson, D.,  and J.  E. Doggett .  1963. An assay method 
for  respiratory syncyt ia l  v i rus.  Br.  J.  Exp. Pathol ,  44:  
473-480. 
6 7 .  Thomas, D. C. ,  R. M. Conant,  and V. V. Hamparian. 1970. 
Rhinovirus repl icat ion in suspension cel l  cul tures of  HeLa 
cel ls.  Proc.  Soc. Exp. Biol .  Med. 133: 62-65. 
68. Traver,  F.  I . ,  R. L.  Northrop, and D. L.  Walker,  i960. Si te 
of  intracel lu lar  ant igen product ion by myxoviruses. Proc.  
Soc. Exp. Biol .  Med. 104: 268-273. 
6 9 .  U. S. Armed Forces inst i tute of  Pathology, I 9 6 O .  Manual of  
h istologic and special  staining technics.  2nd ed. McGraw-Hi l l  
Book Company, Inc. ,  New York,  N. Y. 
70.  Waterson, A. P. ,  and D. Hcbson, 1362. Relat ionship between 
respiratory syncyt ia l  v i rus and Newcast le disease-
parainf luenza group. Br.  Med. J .  2:  1166-1167. 
71. Wel l tmans, G.,  and J.  Leunen. 1971. The ro le of  V220/69 
(bovine respiratory syncyt ia l  v i rus) in respiratory 
disorders of  Belgian cat t le.  Ann. Med. Vet.  115: 35-39. 
72. Wel lemans, G.,  J.  Leunen, and E. Luchsinger.  1970. Respiratory 
ai lments of  cat t le:  isolat ion of  a v i rus (220/69) wi th 
serologic resemblance to the human respiratory syncyt ia l  
v i rus.  Ann. Med. Vet.  114: 89-93. 
73'  Wright,  P. P. ,  j .  hi  l is ,  and K. M. Lhanock. 1971. Evaluat ion 
of  a temperature-sensi t ive mutant of  respiratory syncyt ia l  
v i rus in adul ts.  J.  Infect .  Dis.  124: 505-511-
74. Wright,  P. P. ,  W. G. Woodend, and R. M. Chanock. 19/0.  
Temperature-sensi t ive mutants of  respiratory syncyt ia l  v i rus:  
in-v ivo studies in hamsters.  J .  infect .  Dis.  122: 501-512. 
75. Wulf f ,  H.,  P. Kidd, and H. A. Wenner.  1964. Respiratory 
syncyt ia l  v i rus:  observat ions on ant igenic heterogenei ty.  
Proc.  Soc. Exp. Biol .  Med. 115: 240-243. 
7 6 .  Zakstelskaya, L.  Y. ,  J.  D. Almeida, and C. M. P.  Bradstreet.  196/.  
The morphological  character izat ion of  respiratory syncyt ia l  v i rus 
by a s imple electron microscope technique. Acta Virol .  11: 
420-423. 
